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Chitting l 

DAC DIEM CONG NGHE VA DANH GIA 
KHA NANG DA.P CUA KIM LOAI TAM 


U. KIM LOAI TAM VA BANG 
1.1.1. Khai niem ve dap tarn 

Qua trinh cong nghe la toan bo cac tac dong true ti£p lam thay doi hinh dang, kich 
thirdc, tmh chat va trang thai cua phoi ban d£u de dat dirge muc dich nao do. Qua trinh cong 
nghe bao g6m nhung nguyen cong va duoc sSp xep theo mot trinh tir nhat djnh. 

D&p tarn la mot phin cua qua trinh cong nghe bao g6m nhieu nguyen cong cong nghe 
khac nhau nh^m lam bien dang kim loai t&'m (bang hoac dai) de nhAn duoc cac chi tiet co 
hinh dang va kich thuac can thitft vai su thay d&i khong dang ke chieu day cua vat lieu va 
khong co phe lieu a dang phoi. 

Dap tam thuemg duac thuc hien vdri ph6i a trang thai nguoi (nen con duoc goi la dap 
nguoi) khi chidu day cua phoi nho (thu5ng S < 4 mm) hoac co the phai dap vcifi ph6i a trang 
thai nong khi chieu day cua vat lieu Ion, 

Nguyen cong la mot phan cua qua trinh cong nghe dirge thuc hien bai mot hay mot so 
cong nhan a mot vi tri nhAt dinh tren mot may bao g6m loan b6 nhung tac dong lien quan d6 
gia cong ph6i da cho. 

Vf du: Qlt hinh, dot 16, dap vuot, lion v.v... 

- Khi dilp, nguyen cong co thd chia thanh cac birac va bude co the bao g6m mot 
so dong tac. 

- Dong tac la nhung tac dong co muc dich va qui luat cua c6ng nhan (chAng han 
dua phoi den vi tri khuon, dat ph6i vao khuon va cho khuon lam viec v.v...). 

• U’u diem cua san xuat dap tam: 

- Co the thuc hien nhung cong viec phuc tap bang nhung dong tac dan gian ciia 
thict bi va khu6n. 

- Co the chc tao nhumg chi tiet rat phurc tap ma cac phuang phap gia c6ng kim loai 
khac khong the hoac rat kho khan. 

- Do chinh xac cua cac chi tiet dap ta'm tuang doi cao, dam bao ldp ldn t6t, khong 
c£n qua gia cong co. 

- Ket cau cua chi tiet dap ta'm cting vung, ben nhe, muc do hao phi kim loai 
khong 16n. 
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- Tift ki£m dirge nguyen vat li£u, thuan lgi cho qua trinh c a khf hoa va tu d6ng 
hoa do do nang suft lao d6ng cao, ha gia thanh san phAm. 

- Qua trinh thao tac don gian, khong can thg bAc cao do do giam chi phi dao tao 
va qui luang. 

- Dang san xuat thircmg la loat I6n va hang khdi do do ha gia thanh san phAm. 

- Tan dung dirge phe lieu, he s6 sir dung vat lieu cao. 

- Dap tam khong chi gia edng nhfmg vat lieu la kim loai ma con gia cong nhfrng 
vat lieu phi kim nhu; techtolit, hetinac, va cac loai chft deo. 

1.1.2- Kim loai tam va bang 

Trong nganh che tao may ngubi ta thircmg sir dung nhieu loai thep tam can va thep can 
dinh hinh vai nhieu chung loai khac nhau bao gom ca kim loai den va kim loai mau. Dac 
irung cua cac tam kim loai can la. da dirge tieu chuAn hoa ve cac didu kien ky thuat, thanh 
phun hoa hoc va chung loai. Chung thirong duoc san xuat dirori dang tam, bang hoac cuon. 
Tuy theo phuang phap san xuat, kim loai tam co thi la can nguoi hoac can nong. Thep can 
nguoi (thirong co chi4u day < 4mm) co do nhan be mat cao hon so v6i thep can nong; sir 
d6ng d&u ve chieu day va cac tfnh chat c6ng nghe cung cao hon. V\ vay thep can ngu6i dirge 
six dung rong rai hon de ch£ lao cac chi lift bang phuang phap dAp ngu6i, c6n thep can nong 
dirge su dung d£ che tao cac chi tict phAng; hinh dang dan gian va dAp vudt kh6ng sAu. H&u 
het cac chi tift trong nganh che tao may (trong do co nhieu chi tier cua 6to, may keo,,.) duoc 
san xuAt bAng phuang phap dap nguoi tir cac tam thep cacbon chat iugng va thep cacbon 
thap hoAc thep cacbon thAp can ngu6i (thep hoa ben). 


Bang I.L Cac dang thep cacbon cltu yeu 


Chung loai 

TiAu chuan ky thuat 
rOCT (Libn X6 cQ) 

Mac thep 

Thep cacbon chat Iugng thubng 

S = 0,5 -r 4 mm 

rOCT 380-71 

CT0-CT6 

Thep lam cacbon chat Iugng va chat luong thubng 

S = 0,2 -r 3,9 mm 

16523-70 

05Kn-50 

Thep ket cau hop kim thap 

S = 0.5 * 3,9 mm 

17066-80 

14T2; 09.T2; 12TC; 16.TC; 
15TC>; 14.XrCv.v,.. 

Thep tam can nguQi tir thep cacbon cheit Iugng dung 
de dap nguoi 

S = 0,5 -r 3 mm 

9045-80 

08(1; 08nC; 08Kn 

Thep tam hop kim kft cau edng dung chung 

S = 0,5 * 3,9 mm 

1542-71 

60 r; 20X; 10 T 2 ; 25XrCA 

v.v... 

Thep khong gi, chiu nhiet va bSn nhiet 

S - 0,7 - 3,9 mm 

5582-82 

08X13; 12X13; 12X17; 

12X18H9T; v.v... 
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Hien nay, ngudi ta con san xuat thep 2 pha can ngudi c6 c£u true pherit-mactenxil 
chua (20 - 25)% pha cimg maxtenxit tren n6n pherit mem. Dd ben cua cac loai thep nay se 
dugc nang cao khi sir dung bd sung them hap kim mangan (den 1,6%) va silic (den 0,7%). 
Cac loai thep 2 pha nay co ty so giua gicri han chay va gidi han bin thap (a s /a b = 0,6 4- 
0,65); chi so cuong do hoa bSn bien dang n va he so di hudng thong thirdng (ph^ng) R* cao 
(n = 0,21 4- 0,25; R* = 1,1 4- 1,6), pham vi thay d6i gidi han bin rong (o b = 400 4- 550 MPa). 
Do co nhCmg iru di6m nay, cac loai thep 2 pha can nguoi dugc sir dung rift rong rai de che 
tao cac chi tiet co hinh dang phtic tap bang phuang phap dSp nguoi. Dac biet, khi d&p cac 
chi tiet biing cac loai thep nay, do ben cua cac chi ti£t dugc tang lSn nhieu. Vi du: trade khi 
dap thep 2 pha can nguoi co a T = 280 MPa va a b = 550 MPa thi sau khi dap (bien dang deo 
nguoi khoang 25%) gidi han chay va gicri han ben da tang len dang ke a T > 650 MPa va 
a b > 800 MPa. 

Cac loai thep 2 pha can nguoi dirge dua vao san xu&'t dudi dang t£m, bang hoac cuon 
co chieu day tif (0,7 4- 2) mm bao gdm cac loai chu ycu sau: 0301110, 03XHO, 06XTCK), 
06r2CK) v.v.,. 

Cac loai thep hgp kim (thep chdng gi crom va erdm - niken) dugc sir dung rong rai 
trong cong nghiep che tao tuabin, che tao may hoa, che tao cac mat hang dan dung, dung cu 
y te... Cac loai thep nay rat thu&n Igi cho cong nghe dap ngudi khi da dugc u. Dieu do dugc 
dac trung bdi do gian dai ty doi cao va ty so cr T /a b thap thu&n lgi cho qua trinh dap. Vi du: 
thep 12X18H9T co a b = 550 MPa, a T = 200 MPa va 8 = 40%. Su khac biet gitfa thep khong 
gi va thep cacbon thap la trd lac bien dang va cuong do hoa bin trong qua trinh dap nguoi cao. 

Doi vdi cac llnh vuc edng nghiep rieng biet, ngudi ta sd dung cac loai thep t£'m can co 
edng dung dac biet. Vi du: di sau xuat cac san pham trang men ngudi la sir dung cac loai 
thep t&m can tir thep cacbon thap co u va tdy rira bang axit (thep rira axit) hoac sir dung thep 
cacbon can mong qua u (s£t tiy den) trang thi£c de che tao cac chi tiet bao bi bang phuang 
phap dap hoac lap ghep va nhi£u san phsim khac. 

Trong nganh edng nghiep che tao 6 to, may keo, ky thu&t di£n va radio v.v.,. ngudi ta 
sir dung nhi£u cac loai thep t&'m can 2 Idp va 3 lap (bimetal). Cac tarn thep nay co lap ca ban 
la thep cacbon hoac thep hgp kim thap, con cac ldp phii co the la: dong, d6ng thau, nhom, 
kem, thiec, chi hoac thep khdng gi va cac hgp kim niken. Chieu day cua cac ldp phii chiem 
tir (10 4- 25)% so vdi tong chi6u day ciia tarn. 

Cac tarn kim loai can 3 ldp phii kem (tdn hoa) dirge sir dung de san xuat cac san pham 
dan dung (xo, thimg, chftu v.v...) va cac tarn lgp. Tam can 3 ldp phu chi dugc sir dung che 
tao cac thimg chua nhien lieu. Thep ta'm can hoac ma mot ldp thiec mong (sat tay trang) 
dugc sir dung de san xuS't bao bi trong edng nghiep san xuat dd hop. Tam kim loai phii vat 
lieu chong chay diing de boc cabin, vo capo cua xe otd, may keo va cac thiet bi may mdc 
khac vdi muc dich chong chay, each am. Cac t&'m thep va 6ng phii ch£t deo dugc sir dung 
nhu la mdt ldp phu chong an mon va ca vdi muc dich trang trf. 
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Trong nganh che tao may ndng nghiep, ngudi ta sir dung cac tam thep can 3 Idp ma 
lap phu la thep khong gi. Ngudi ta can phu ca hai mat cua ta'm thep mot ldp mong thep 
khong gi 12X18H10 vdi chilu day tir (0,1 -s- 0,15) mm. Tlnh chong an mon cua cac tam thep 
kirn loai nay cao hon gap 4 + 5 l£n so vdi cac U'm thep cacbon CT3 va thep chiu ap lire: 
10XH/l,n. Khi do tudi tho cua cac may n6ng nghiep tang them den 10 nam. 

Cac tam kim loai va hap kim mau co nhOng dac diem nhir: tinh chong an mon (chong 
gi) va do dan nhiet cao, di£n trd nho (ddng, d6ng thau, nhdm), ty trong nho (nhom va hop 
kim nhdm, hap kim titan va magie), dd ben rieng cao (titan). Tiiy thuoc vao linh vuc sir dung 
ma chung duac dung di phu cho thfch hap. Cac tam kim loai va hap kim mau bao gorn cac 
loai sau: 

- Nhom va hap kim nhdm: A2, A3, AMq, AMr2, AMru6, J\\, /(16, B95, BA/123 
v.v... 

- D6ng: Ml, M2, M3 v.v... 

- D6ng thau: JI68, J163, J159-1 v.v... 

- Niken va hop kim niken: HKO, HMr, HB3 v.v... 

- Hap kim magie: MA, MA5, MA8 v.v,.. 

- Hap kim titan: BT1, BT3.1, BT6-C, BT8, BT9, BT10, BT14, OTM-l v.v... 

Cac tam kim loai va hap kim mau dirac sir dung rong rai trong nganh hang khdng, ch£ 
tao dong h6, ky thuAt dien, dien tir va nhieu linh vuc edng nghiep khac cung nhir d£ ch£ tao 
cac mat hang dan dung (xo, chau, n6i, xoong, may anh, may giat v.v...). 

Duyra va cac hap kim khac cua nhdm dirac sir dung che tao cac chi tidt vo ngoai va 
khimg gia may bay do chung co dd ben cao va ty trong nho (2700 kg/m 3 ). 

Cac hap kim cua titan va magie duac sir dung chu yen trong cong nghiep che tao may 
bay. Tuy nhien co th 6 hy vong riing trong tuong lai gan, khi gia thanh cua cac loai hop kim 
nay (dac bi£t la titan) giam thap till lTnh vuc sir dung chung se rat rong rai. 

Ye chung loai ciia cac tam thep can: co r£t nhieu loai khac nhau. Cac kfch thude chieu 
day, chieu rong va dai cung nhu cac sai lech kich thude tuang ung da duac lieu chuan hoa, 

Cac tam thep can nong co chidu day S = (0,4 + 1,2) mm. Khi chieu day tam thep 
S < 4 mm thl chieu rong t£m tir (500 + 1600) mm va chieu dai tir (7100 + 6000) mm (co 
210 loai kich thuac khac nhau). Cac tam thep cuon trong ruld co chi£u day S < 3,9 mm co 
chidu rong tii (500 +1700) mm va khi S < 10 mm thl chidu rong tir (500 + 2200) mm. 

Sai lech gidi han theo chieu day vdi do chtnh xac binh thudng 5 = (0,05 + 0,07) khi 
S = 0,4 + 0,5 va 5 = (+0,2 + -0,8) khi S = (10 + 12) mm. 

Cac tarn thep can ngudi co S = (0,35 + 5) mm. Tuy theo chieu day, cac tam thep co 
chidu rdng tir 500 + 2300 mm va chieu dai tir 1000 + 6000 mm (co 372 loai kich thude khac 
nhau). Chieu rong cac tA'm thep trong ruld tir 500 + 2300 mm. 
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Sai lech gicfi ban chidu day cua ta'm v6i <36 chi'nh xac thong thnang la: 

■ 8 = (0,04 -s- 0,05) khi S = (0,35 - 0,4) mm, 

- 5 = (0,2 + 0,3) khi S = (4 + 5) mm. 

1.2. SIT THAY D6l TINH CHAT CUA THEP TAM THEO THCII GIAN VA TRONG 
QUA TRINH GIA CONG 

Khi dap ngupi trnh chat cua thep tarn bi thay d6i. S a dT nhu vfty la vi trong qua trinh 
dap bien dang deo ngupi lam cho cau true tinh the thay ddi: mat do khuyet tki tang I6n manh 
me dan tdi dp bPn kim loai tang len, ki'ch thude va hinh dang cua cac hat kim loai cung nhu 
hudng cua true tinh th6 thay dOi lam phat sinh ung suit du va xuit hien nhtfng mat truot kich 
thfch qua trinh hoa gia cua kim loai, 

1.2.1. Stfhoa gia do bien dang 

He qua cua su hoa gia kim loai la lam giam tinh deo (chlng han do gian dai ty doi 
giam) va nang cao tinh ben cua kim loai (tr& luc bien dang* gicfi han chay va do cung tang). 
Vi v&y kim loai trd nen don va kem deo. Xu hudng cua su hoa gia kim loai khi biPn dang tuy 
thupc vao thanh phan nita tu do chtia trong thep va dac bidt la cacbon trong nen curng 
(pherit). Trong qua trinh hoa gia, cac nguyen tu cacbon va nito khuPch tan va tap trung vao 
cac viing bien dang cua mang tinh the?, xung quanh i£ch. Dieu do can tr6 sir di chuyen cua 
lech va g&y kho khan cho qua trinh bien dang deo, Su hoa gia bien dang xay ra khong dong 
deu, trude tien no lam tang do cung cua kim loai tai cac viing co mat do cac nguyen tu nito 
va cacbon cao, chu yeu la a mat trupt, tai day dac biet co nhiSu lech. 

Vdi thep cacbon thap, su hoa gia do bien dang xay ra manh liet han sau khi bien dang 
deo ngupi, cuong dp cua no ty 16 thuan vdi muc dp biPn dang, nhiet dp moi trudng xung 
quanh va thdi gian. Vi vay doi vdi thep tam can ngupi va ngay ca nhung ban thanh pham ciia 
no da dupe dap, khdng nen de qua lau a trong kho hoac trong phan xucmg, dac biet la khi 
nhi6t dp tang l£n, 

Hicn nay ngudi ta da sail xuat nhung loai thep tain khong hoa gia. Nhung loai thep 
nay dupe khir oxy bdi nhom hoac chat phu gia vanadi (vf du: thep 0810 , 08 Kn, 0800 ©. 
v.v...). Ngudi ta da Chung minh rling su on dinh cua cac loai thep nay la do cac lien ket cua 
cac nguyen tir nita dudi dang nitarua ben vung. Chinh vi vay, sau khi dap ngupi sir hoa gia 
do bien dang hau nhu khdng xay ra. 

1.2.2. Mat trirpt 

Dpi vdi cac chi liet co yeu cau cao ve chat lupng be mat (vi du cac chi tiPt vo xe Oto), 
diPu co y nghTa quan trong la kha nang cua kim loai giii dupe b 6 mat bang phSng trong qua 
trinh dap, khdng co nhung mat truot la nhung din vet vat ly do bien dang deo cue bp g£y ra. 
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Mat truqt xu&t hien tren b£ mat cua cac chi ti£t, nha't la khi dap cac chi tiet khong .sau vdi 
mure do bi£n dang nho (5 * 10%), lam giam do nhan bong be mat. Su xuat hi£n cac mat trirat 
co lien quail d£h tinh chat ca hoc khong d6ng d£u cua phoi. Su khong dong deu nay la do sir 
hoa gia trong qua trlnh bifn dang gay ra. Tr£n be mat cua chi ti6t sau khi dap co the quan 
sat thay nhung phan 16i 16m tuang dug vdi cac mat truqt. 

Mot trong nhung phirong phap rdng rai nh£l duqc sir dung 66 ngan ngira kha nang xuat 
hien cua cac mat truqt la tifih hanh ep ngu6i theo chieu day t&'m thep mot luqng bien dang 
nho bang thiet bi chuyen dimg trade khi dua vao dap. Tri so luqng ep tuy thu6c vao chieu 
day cua ttfm va loai vat li£u. Vi du: doi vdi thep 08K11 luqng ep tir (0,8 * 1,2)% con d6i vdi 
thep 0810 luqng ep tir (1 -s- 2)%. 

Vi6c can nguoi vdi mot luqng ep nho cac tam thep co the v{ nhu m6t su “tap luyen”. 
Sau khi “tap luyen”, de loai trir sir cong venh ngudi ta nan thing t&'m tren cac may nin 
chuyen dimg. Cac may nay co mot vai cap true nin ma tam cua chung co the chuyen ddng 
tuang ddi vai nhau. Trong qua trinh nin tam bi uon deo nhi^u lan. Do su “tap luyen" ma 
ngan ngira duqc kha nang \uSx hien mat truqt, nhung khi nin nguoi thl tinh b£n cua kirn loai 
tang len va tfnh deo giam di, dieu do lam giam kha nang dap cua vat lieu. Vdi mot 1 uong ep 
tuang doi nho (khoang 1,5 + 2%) thi hien tuqng lai khac di: do b6n giam di va tinh deo 5 chi 
tang len. Ngoai ra khi thu keo miu kim loai da duqc “tap luyen” va lap d6 thi keo nguoi ta 
thay khemg co vung chay rao, tire la nhung dau hieu dac trung cho kha nang xuat hien mat 
truqt bi mat di. 

Do cac t&'m thep bi ep ngudi vdi luqng ep nho, lech bi tach khoi cac nguyen tir nito va 
cacbon d6ng thori xay ra su hinh thanh cac lech mdi. Difcu do lam giam trd iuc bien dang cua 
cac tinh the tren b£ mat truqt din den sir phan b 6 ung su&t dong deu hem theo chieu day cua 
ta'm, do do sir chay cua kim loai se bit diu vai luc nho han so vdi miu trude khi ep. Tac 
dung cua vide ep ngudi thudng rat ngin vi vay can phai ep va nin ngay trude khi dap. Nhtfng 
may 66 ep va nin duqc bo tri d dau day chuyin, trude mot loat cac thiet bi dap khac. Cin 
phai dap ngay sau khi ep vi sau khi ep mdt thdi gian ngin se xay ra su hoa gia bien dang vdi 
cudng do lan. Neu khong dip ngay se lam mat di hieu qua cua vide ep va con lam xau di kha 
nang dap cua thep so vdi trude khi ep. 

1.2.3. Sirphat sinh hien tirdng an mon (gi) 

Trong qua trinh bien dang deo nguoi kim loai xay ra su hoa ben. Su hoa ben ciing vdi 
mdt so hien tuqng khac lam cho kha nang chdng an mon cua kim loai bi giam di. Vi du: mdt 
cai dinh dat trong mdi trudng am udt thi phan diu tan va mui nhon cua dinh, da bi bifin dang 
deo nguoi, se bi gi trude. 

Tuy vay, do nhung 6iiu ki6n khong giong nhau, su thay ddi hinh dang cua cac vung 
phoi k6 nhau sau khi bo ngoai luc tac dung se phat sinh nhung dug suit du t£ vi loai mdt. 
Nhung urng suat du nay khi co su an mon sAu vao cac tinh the se lam suy yeu lien ket a bien 
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gidi giua cac hat va c6 the gAy ra nhung ‘‘mdm” gion tu phat cua cac san phdm kim loai hoac 
cua cac ban thanh phAm. 

Sir phat sinh hien tuang gi cua cac chi tie't bang dong thau co chira han 20% kem duac 
dap vuot nguoi vdi mure do bi£n dang ldn (nhu dui den, vo dan v.v...) thudng xuat hi£n vao 
nhutig mua am not khi do am va n6ng d6 khi amoniAc trong khong khi tang ldn kich thich su 
an mon sau vao cac tinh thi. Vi vay vao mua mua cac chi tiet sau khi dAp cin duac bao quan 
ngay bang phuang phap gia nhidt. D6i vdi cac chi tiet bang d6ng thau, co mot phuang phap 
chong gi hidu qua la giam ting suA't keo bang each nung nong dd'n nhiet do 300 500°C sau 

do cho ngu6i chAm. 

1.3. VAT LIEU PHI KIM LOAI 

Tuy theo ket cAu, tinh chat ca, ly ma ta tha'y rang cac vat lieu phi kim loai co rat nhieu 
uu viet so vdi kim loai va hap kim. 

Da so' cac vat lieu phi kim loai co cA'u true lap hoac sdi va co ty trong, dd cting nho 
han so vdi kim loai, cac dAc trung ve d6 ben thap han. Tuy nhien nhung dac trung vd do ben 
rieng cua chung (co lidn quan den ty trong) thi khong thap va nhidu khi cao han cua kim 
loai. VI du d6 ben rieng cua tdetolit la 8 trong khi cua thep cacbon chat luqng (lOKfl) chi 
bAng 4^5. 

Mien nay ngubi ta da san xuA't duac hang tram loai chat deo dang ldp va dang sai vdi 
sir ket hap khac nhau giua cac tinh chat ca hoc, tinh each dien va cac tinh chat khac duac 
qui dinh theo cac tidu chu^n tuang ting. 

Nhung vAt lieu tAm phi kim loai co kha nang dAp duqc co thd chia thanh 4 nhom 

chinh: 

■ Nhom I: Cac loai chAt deo bao g6m cac chat deo dang phan ldp va dang sai, cac chat 
nhua nhiet deo co cA'u true dong nhA't. 

■ Nhom II: Cac loai vAt lieu trdn ca so giay va cao su. 

■ Nhom III: Cac loai vAt lieu co ngudn gbc khoang vAt. 

■ Nhom IV: Cac loai vAt lieu tdng hap vdi su ket hap phtic tap: kim loai - chAt deo, 
kim loai - amiang - cao su, v.v... 

Cac loai vAt lieu nhom I co cau true phAn ldp va dang sai la h6n hap cua nhua nhan 
tao vdi cac chat don co nguon goc huu ca hoac khoang vat. Chung duac chtf tao bAng each 
ep cac vat lieu sai (c6t) da duac lAm cac chA't dinh kd't vdi nhua (ndn). 

Cac tam chat deo co cau true phan ldp la nhfrng tam hetinAc, techtdlit, tdchtolit thuy 
tinh va techtdlit amiang v.v... Cac tA'm chA't deo co cau true ddng nhA't (nhua nhidt deo) la 
cac tam thuy tinh huu ca vdi cac cong dung khac nhau: polystrirol, xenluloit, vinilproz v.v... 

Cac loai vat lieu nhom 11 bao g6m cac tam cao su, cactong, ebolit va phip. Cac loai vat 
lieu nhu da tu nhien, da nhan tao, phdt, vai son (each dien) cung co thd xdp vao nhom nay. 
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thirc nghiem. Tflft ca nhfrng phuang phap nay chu yeu de xac dinh su tucmg tfng cua chat 
lugng kim loai theo cac yeu cau tidu chualn ve thanh phan hoa hoc, tinh chat co hoc va c£u 
true tinh the cua no v.v... 

D£ danh gia tinh dap dugc cua kim loai can trucrc bet can ki^m tra xem xet bi ngoai 
va kiem tra cac kfch thtrefe cua no co phu hop vdi y£u cau dat ra hay kh6ng. De kidm tra chat 
lugng can tCr m6t 16 san phdm ngudi ta kiem tra tren hai ta'm hoac m6t cuon ton bat ky. Doi 
vdi cac t&'m can can phai dirge cat tat ca cac canh, con doi vdi cu6n co th^ cho phep hai canh 
la cac canh can. Tr6n cac canh cat khdng co sir phan Idp va cac vet nut. Nhting khuy£t tat 
sau, vugt qua m6t nua sai 16ch gidi han theo chieu rong cua tarn d £u khong cho phep. Cac 
canh cua cuon thep can khong bi uon cong den 90° va lorn hon cung nhu khong bi xodn va 
nhau nat 6 dau cudi. Do dai phin duoi cua cu6n kh6ng virot qua chidu rong cua cuon. Be 
mat cua ta'm can phai bang phang, nhan nhui, khong bj xude, kh6ng bi phong r6, kh6ng co 
cac hat kim loai dinh vao, khong co cac ch^t bin va ran nut, kh6ng co sir phan ldp kim loai. 
T&m va cuon kim loai can can phai dugc b6i tron mot ldp mong bang chat boi trcm trung 
tinh, Cac kich thude danh nghia va sai lech gidi han theo chieu dai, chieu r6ng va chi£u day 
cua tarn can edn phai thoa man cac tieu chuan tuong ring cua nha nude. 

1.4.1. Khao sat ve hoa - ly 

Nhfmg thi nghiem ve hoa -\<j cua kim loai bao gdm viec phan ti'ch hda hoc va nghien 
cuu gian do sdt - cacbon. 

Nhd viec phan tich hda hoc co the xac dinh dugc nhung thanh phdn hda hoc cua kim 
loai tuong ung vdi yeu cau cua tieu chudn. Ngoai ra viec phan tich hda hoc cung vdi nhung 
s6 lieu thi nghiem khac con giup cho ta thdy ro nhumg nguyen nh£n phe phdm khi dap. 

Khoi lugng cho phep cua cac nguyen td hoa hoc co ban va anh hudng cua chung den 
tinh dap dirge cua thep tarn cacbon chat lugng 08 - 20 dugc dua ra trong bang 1.2. 


Bang 1.2. 


Nguyen to 
hoa hoc 

Ham lugng 
cho phep (%) 

Dac trung anh huerng d£n tinh dap dugc cua thep 

Cacbon 

0,05-^0,24 

Lam tang dac trung ben va dong then lam giam tinh deo 

Silic 

0,03-0,37 

Nang cao dd b6n, dd cirng va tinh d£n hoi cua thep 

Mangan 

0,25 -h 0,65 

Hoa ben thep, lien ket vdi luu huynh trong sunfit mangan, ngan ngua 
su tao thanh sunfua sat anh hudng den tinh d£p 

Cr6m 

0,10 -r 0,25 

Co kha nang nSng cao dd b£n va hau nhu khOng lam thay d6i tinh deo. 
Khi tang ham lugng tinh deo cua thep giam di. 

Niken 

<0,25 

Luu huynh 

<0,04 

G3y tinh ddn, co kha nang tao vft nCrt khi cat, ud'n, len vanh v.v... 

Phot pho 

<0,035 

Gay ra su h6a b6n manh trong qua trinh dap, n&ng cao xu hudng dan 
d£n hda gia. 
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Nhd nghicn ctiu gian c!6 siit - cacbon ngudi ta co the xac dinh dupe kfch ihudc hat 
pherit, khoi lupng tap chat phi kim loai va trang thai cau true tinh the cua kim loai. Rich 
thude toi uu cua hat tuy thupc vao hinh dang chi tiet dap. chieu day cua phoi, mtic do bien 
dang va hang loat nhung yeu to khac. Khi dp hat qua Idn tmh dap cua kim loai giam di va bt 
mat san pham dap tai cac vung bien dang bi xu xi, giam chat lupng be mat. Dp hat tang con 
ddn den hien tupng dirt, rach khi dap vuot sau. 

Khi giam kfch thude hat. trd lire bien dang tang len dang kei va bien dang dan hoi cung 
tang len anh huong den dp chfnh xac ki'ch thude chi tier dap, lam tang mire dp mai mon be 
mat lam vice cua chay va coi. 

De danh gia mot each tuerng doi kfch thude hat, ngudi ta sir dung mot phuang phap 
due biet trotig do kich thude hat dupe xac dinh bang kfnh hien vj co dp phong dai 100 lan. 
Nhimg hat quart sat dupe bang kinh hidn vi dupe so sanh vdi nhimg anh irutu cd trong tieu 
chuan. Kich thude cua hat dupe chia theo cd (cap). Thep cd can true hat co Jdn tuerng ting 
vdi cap 1 -s- 3, can true hat cd nhd tuerng ting vdi cap 8 -r 10, Non trong can true kim loai co 
ro rang hai loai kich thude co ban cua hat thi chiing dupe ky hieu hoi hai so, vj du so 3 -8. 


Dp khong dong deu cua kich ihudc hat cd anh huong Idn den kha nang dap cua kim 
loai. Mtic dp bien dang cho phep khi dap vuot chi tiet bang kim loai cd do hat khdng dong 
deu se bi giam di. Dicu do la do cac hat tinh the co kfch thude Ion can trd su chuydn dong 
cua lcch,va do do sir hda ben chi xay ra trong mot pham vi hep. Ket qua la muc do bien dang 
co th£ Idn doi vdi hat tinh the co kfch thude ldn, trong khi cac hat tinh the cd kfch thude nhd 
lai hi bien dang lam nhd hem. Do su bien dang khong dong deu cac hat kim loai khi dap cd 
the xuat hien cac vet nut va rach. VI vay vice su dung cac tarn kim loai co dp hat hdn hop d 6 
san xuat cac san ph&n dap tam la khong hop ly. 


Thep dung de dap ngupi cd do khong ddng d£u cua kfch thude hat cho phep trong gidi 
han so 2 f 3 gin vdi so' cua kfch thude hat pherit. Khi dap cac chi tiet co hinh dang phtic tap 
thi kfch thude hat pherit can tuerng ting vdi s 6 6-5-9, khi dap khoi nguoi tucrng ting vdi so 6-^8. 


Tap chat phi kim loai tao ra la do su xam nhap cua hru huynh vao kim loai tu nhien 
lieu va quang (FeS va MnS), su du third cua oxy trong kim loai dudi dang FeO va Al 2 0 2 va 
tac dung tuong hd cua oxit silic Si0 2 va oxit sit (11) FeO. 


Tap chat phi kim loai dupe phan bo d bien gidi gitra cac hat va no lam giam kha nang 
dap cua kirn loai, vi the ty le tap chat phi kim loai va phuang phap xac dinh chung dupe qui 
dinh theo lieu chuin. Ty lc tap chat phi kim loai cang nhd thi kha nang dap cua kim loai 
cang cao. 

Kha nang dap cua kim loai tam khdng chi phu thupc vao ham lupng cacbon ma con 
phu thupc vao trang thai cau true cua no, thanh phdn xementit va sir cau tao peel it. 

Anh huong chu yeu den kha nang dap cua thep la xcmemfl (Fe^C). Thanh phan 
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xementit co cau true tir do se gay ra pha huy (dirt, rach) khi dap nguoi. Cac phan tir dac bict 
cua xemeniit cung va don gay ra sir pha huy nho hon, no tao ra vet nut lan truyen sau vao 
irong hat pherit. Trong cac thep 08Kn va lOKH sir co mat cua cac hat xementit ducri dang 
tap chat tho a bien gidi cac hat pherit co anh hudng xau va co the dan den phe phAm d dang 
dirt rach. NhQng hat tap chat xementit nho tham gia vao pcclit lam giam dang ke anh hudng 
xau cua no. 

Ham 1 uong tap chat xementit co cau true nr do trong thep dupe danh gia bdi 6 cap vdi 
thang chia tir 0 5 theo ticu chuan, tuy thuoc vao so 1 trong, hinh dang, kfch thude va sir 

phan bo cac phan tir cua no. 

I lam lupng cho phep cua xtmentit co cau true tir do trong thep dung de dap nguoi tuy 
thuoc vao mac thep va mure dp pturc tap cua chi tiet dap. Vf du, khi dap cac chi tier vd oto co 
hinh dang phurc tap bang thep tam 0810 ham lupng xementit can phai nho hern cap 2. 

Khi che tao cac chi tiet bang thep tam dupe coi la co kha nang dap tot neu nhu kirn 
loai co cau true hat pherit nho va cac hat pherit cung veri cac hat pec lit dupe phan bo trong 
cac moi lien ket giua cac hat. Khi che tao cac chi tict bang thep can dinh hinh, kha nang dap 
tot dupe dac trirng boi cau true hat pcclit (hoac xementit hinh phong cau). Doi vdi cac loai 
thepco ham lirpug caebon Ion hern 0,25% thi cau true pcclit dang xooebit dupe coi la tdi uu 

To chuc dang nhanh cua cau true te vi (dupe dac trirng bdi su dinh hudng xac dinh bi 
gian dai do bien dang cua cac hat pherit) cung co anh hudng Ion den kha nang dap cua kim 
loai. To chuc dang nhanh co cau true pherit - pcclit dupe chia thanh 6 cap veri cac thang chia 
tir 0-i-5 theo lieu chiuin. Tieu chuan nay dupe xay dung tren nguyen tAc tang ddn so lupng 
dai pherit co tmil den mire dp day dac cua chung va mire dp gian dai cua cac hat. 

Khi dap cac chi tiet co hinh dang phurc tap can phai sir dung cac loai thep tam co 16 
eh lire dang nhanh khong dupe viral qua cap 3. Neu thep tA'm cd 1 6 chtfc dang nhanh tircrng 
ung vdi cap 4 5 do qua trinh bien dang deo nguoi trtrdc do gay ra (cluing han nhu can 

nguoi) thi se dan den sir hoa b<5n va tfnh chat di hudng cua thep, anh hudng xau den qua 
trinh tao hinh. Di loai bo to chuc dang nhanh cap cao ngudi ta dung phuang phap ii ket 
tinh lai. 

1.4.2. Thurtmh chat cd hoc 

Phuang phap thir keo cac kim loai den va kim loai mau d dang nVm va bang dupe lien 
hanh theo cac ticu chuan khac nhau tuy thuoc vao chicu day vat lieu va loai thep can. 

Khi thir keo ngudi ta xac dinh cac dac trirng arcing ung vdi tmh chat co hoc cua kim 
loai theo cac tieu chuan ve di£u kien ky thuat da dat ra. Sir co mat vung eh ay rao tren do thi 
keo chi ra xu hudng kim loai bi hoa gia va sir tao thanh cac dai trirpt. 

De danh gia kha nang dap cua kim loai tam, khi dap cac chi tiet sau co hinh dang 
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phuc tap, ngoai cac dac trung ve tfnh chat c a hoc (<r b , o s , 6 v.v...) con phai xac dinh he 
so di hudng thong thirdng R*, chi s6 muc do hoa ben bi£n dang n va do gian dai ty ddi trung 
binh 8 tb . 

Tfnh di hudng la su khac nhau vfi tfnh chat cd hoc cua kim loai tarn theo cac hudng 
khac nhau va cac tfnh chat nay co ban ch&t tir c&u true tinh th£. He s6 di hudng thong thudng 
R* duac xac djnh dua vao ket qua thir nghiem ve keo. No la ty so giifa bien dang logarit theo 
chieu rong e B vdi bien dang theo chieu day cua mau £ s , tai vung nay co bien dang dong diu 
(5 lb = 15 -s- 20%) theo hudng can da chon: 

R * _ £ b _ ln(b/ b n ) 
s s ln(SS H ) 

trong do: b 0 va b, S 0 va S lan lucft la chieu r6ng va chi£u day trude va sati bien dang cua 
mau. 

Khi bi&'n dang theo chieu rong va chi£u day can bang R* - 1 thi kim loai la ding 
huang. Ngudi ta phan biti su di hudng thong thirdng vdi su di hudng phing nhu sau: 

■ Su di hudng th6ng thudng: h£ so di hudng theo cac hudng khac nhau so vdi hudng 
can cua tarn trong thuc te la nhu nhau ma chi’ khac biet ve dan vi. 

■ Su di hudng phing: he s6 di hudng bi thay ddi theo cac mat phdng cua tam vdi cac 
hudng can khac nhau. 

De danh gia muc dd di hudng ngudi ta su dung he so Poisson ddi vdi bien dang dco 
hoac he so bidn dang ngang r* la ty so giura bien dang nen theo chieu rong cua mau e R vdi 
bidn dang keo theo hudng dat lire e^: 





Quan he giura R* va r* duqc xac djnh nhd sir dung dieu kicn khong nen duac: 

r* = R*/(1+R*) 

He so di hudng thong thudng R* ddi vdi h5u het cac kim loai co gia trj trong khoang 
R* = (0,2 -r 2,7), gia trj cua he so di hudng phang r* = (0,167 -r 0,73), (khi R* = 1 thi r* = 
0,5). Su thay ddi cua R* theo cac hudng khac nhau so vdi hudng can cua tam duqc chi ra 
tr£n hinh 1.1. 


Khi danh gia anh huang cua tfnh di hudng ddn kha nang dap cua kim loai ngudi ta 
thirdng sir dung he so di hudng trung binh R*, no duac xac dinh tir cac gia tri cua he so di 
hudng nhan duac khi thir keo cac mdu. Cac mau nay duac tach ra tir thep tam theo cac 
hudng khac nhau: doc hudng can, ngang hudng can, nghieng 45 (1 va nghieng 135°. 


Vidu: R*^(R rf ,+2R 4jf ,+R 9rfl )-^(R rfl 


R 45" + R 9ll<* +R l35 l,) 
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Hinh l.L Dudng cong thay ddi cua he sd di hudng thong thndng 
theo cac hucfng khac nhau so vcfi hirdng can 


Chi s6 hoa ben bidn dang n duoc xac dinh dua vao ket qua thu keo: 

n = £ p = ln(/p// 0 ) 

hoac / p = / 0 (l+8 p ) 

n = ln( 1 + 8 p ) (1-1) 

Trj sd n bang tang goc nghieng cua dudng cong hoa ben. 

Kha nang dap cua kim loai phu thuoc vao R* va n. Neu trong vung bidn dang deo xuat 
hien mdt trang thai bidn dang duoc dac trung bdi so do keo - nen (vi du khi dap vudt, xem 
hlnh 1.5) thi kha nang d&p cua kim loai phu thuoc nhi^u vao R*. Khi R* > 1 kim loai t£m co 
kha nang chong lai su bien mong tai vung nguy hi^m va dieu do cho phep dap vudt vdi muc 
dd bien dang Ion hon. 

Khi h£ so di hudng R* tang l£n, su doi xurng true cua qua trinh bien dang bi pha huy 
gay ra su khong d6ng din cua chidu day thanh chi tidt dap vudt doc theo chu vi va dd nhap 
nho tren mep chi tiet. Dieu do d£n ddn su c4n thiet phai tang them luqng du di cat bo phSn 
mep khong ddng din va do do lam tang th£m phe lieu kim loai. 

Ncu trong vung bidn dang deo tdn tai bien dang keo theo 1 true hoac 2 true (vf du khi 
tao hinh) thi kha nang dap cua kim loai chu yeu phu thude vao n bdi vi cudng do hoa b^n 
bidn dang cua kim loai co the anh huong den cudng do bien mong cua no. Kha nang dap cua 
kim loai tdm la tot nh&'t khi R* > 1,2 + 1,7 va n > 0,2. 


Do ben dupe dac trung boi gia tri o b va do deo dac trung bdi gia tri a T co anh hircmg 
den kha nang dap cua thep ta'm can. Gicfi han ben o h cang lcm thi lire bien dang cang 16n va 
tri so ting suat (iep xuc tang. Dilu do co the lam cho cha't boi trcm bi chay di gay ra hien 
tuang dinh kim loai va g&y ra cac vet xudc lam tu6i tho cua khuon bi giam di. Hien tupng 
nay thucmg xay ra khi dap vuPt cac chi tier bang thep tarn co a b > 500 MPa. 

Khi uon, ty so a T /E anh hirang den tri so bien dang dan hoi, ty s<5 nay cang nho thi 
bi£n dang dan hoi cang nho. N£u modun dan h6i E khong d6i thi bten dang dan hoi se giam 
n£u nhu a T giam. 

Sir thay d6i tmh chat cua kim loai khi bien dang deo dupe bieu di6n tong d6 thi ung 
su£t thuc (dudng cong hoa b6n) va do thi deo. Cac th6ng s 6 cua dirong cong hda ben la tieu 
chu^n danh gia kha nang dap cua kim loai, De xac dinh cac th6ng so nay ngudi ta sir dung 
cac may ve do thi ting suat thuc khac nhau dupe dua ra boi mOt so nha nghien ctiu nhu: 
theo Kerber = A + BSj, 
theo Kh. Svipht: Oj =C(e 0 + Sj) n| , 
theo A. Nadai - C t e", 
theo P. Liudvich Gj = o T + C 2 e™ , v.v... 

Trong cac dang thuc tren: 

■ <jj va cucrng dp ung suat va bien dang, 

■ A, B, C, C { , C 2 , E()> n, iii, m la nhung hang so dupe xac dinh dua vao ket qua khi thu 
tmh ch£t co hoc kim loai. 

Cac cOng thuc de xac dinh cudng do ung suat va biPn dang khi keo thu£n tuy co tmh 
d£n su di hucmg thong thucmg cua kim loai co dang: 



trong do va e, la ting su£t va mure do bien dang ldgarit khi keo thu£n tuy. 

Do thi deo phan anh bien dang toi han vdi cac so d6 khac nhau cua trang thai ting 
suat. Chung duoc xay dung trong toa do: mtic do bien dang trupt ttii han X p - chi so trang 
thai ung suat K (K = a ( /T* a 0 : ung suat thuy tmh trung binh, T cudng dp ting sua't (iep). Cac 
d6 thi deo co cac true toa dp X p - K dupe sir dung thuan lpi khi tmh muc do bien dang tcri 
han trong qua trinh dap kh<5i ngupi. Cac do thi deo dupe xay dung vori cac phan tu bien dang 
gicfi han chmhe', va e 2 (chung dupe goi la d6 thi bien dang gicfi han hoac do thi kha nang 
dap gicri han). Chung dupe sir dung rpng rai hon khi xac dinh bien dang tefi han trong qua 
trinh dap lam nguoi. 

Thu dp cting phuc vu cho viec danh gia so bp mure dp hoa bin cua kim loai, chung dua 
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tren co s6 gia thiet rang giOa do cung cua kim loai bi bibn dang vdi cubng do urng suit va 
cubng do bien dang co quail he don tri (bac nhat). Do la gia thibt da dupe xac nh$n boi cac 
nghien curu cua P. Bridgimen, 1A. B. Phridman, G. A. Smirnop - Aliaeb, G. D. Deli, V. A. 
Ogorodnikop v.v... Dua vao cac kbt qua keo nen dung tihn (dong true), keo co xodn v.v... db 
xay dung cac do thi chuin vdi cac true Oj - HV - (HV la tri s 6 d6 cirng Vicker). Xac dinh 
gia tri dd cung tai cac vung khac nhau cua chi tiet da bi bien dang deo va sir dung 66 thj 
chuan, co the xac dinh dupe cirdng d6 urng suit v& biin dang tai vung do dd cung va vi vay 
xac dinh d\sac trudng urng suat va bibn dang. Thu do cumg la phuemg phap kiem tra khong 
pha huy mdu vi vay nd la phuong phap uu vibt han so vdi cac phudng phap khac (mfiu bi pha 
huy). 

1.4.3. Thur cong nghe 

Thu cong nghb de xac dinh mure dd bien dang gidi han cua kim loai trong cac dibu 
kien mb hinh hoa cac nguyen edng khac nhau cua dap ngudi nhu: c&t hinh, ubn, dap vubt, 
dap gian, tao hinh v.v... Neu ctic chi tieu khi thu cong nghb duac qui dinh bdi cac tieu chuan 
(vi du chieu sau cua vet lorn tai thbi dibm bi pha huy) thi nhd co phep thir edng nghfc chung 
ta xac dinh duac su tuang ung cua cac chi tieu nay so vdi cac yeu c£u cua tieu chu£n. 

Hau nhu tat ca cac dang thu cong nghe deu dan dbn thbi diim gidi han hoac La xuift 
hibn vet nurt hoac ta bi pha huy sau khi dat duac mure do bien dang tdi han. Do chinh la tidu 
chuan vb kha nang dap cua kim loai. 

1.43.1. Thu cat dpt 

Thu cat dot nh&m xac dinh ung suit cat qui ude la ty so gitia luc cat ddt cue dai vdi 
dien tich bb mat cat (c^, = P max /F c ^ t ). Ngoai ra, co the xac dinh dd lun sau h cua chay vao 
trong kim loai tai thbi diem xutft hidn cac vet nurt b vung cat (chieu cao cua dai co anh kim 
loai). Thi nghiem duac tieu hanh trong mot khuon dac bibt dd cat mot hinh tron co dudng 
kmh xap xi 32 mm co trang bi thiet bi do, vdi khe hd tdi uu giua chay va coi. Nbu tri sb h 
cang ldn thi kim loai co tinh deo cang cao, do bbn cua kim loai cang Idn thi img suat cat 
cang ldn va tudi tho cua dung cu giam di. 

1.43.2 . Thii be va uon 

Doi vdi kim loai ta'm va bang ngubi ta thubng thu be. Chieu rong cua cac dai kim loai 
mski nay thubng co tri so xac dinh, mbt dau cua dai kim loai duqc kep chat trong dung cu 
chuy&n dung, dbu kia duoc be di be lai nhieu lin vdi goc 180° cho dffn khi bi pha huy. S6 
lan be cho den khi xuat hien vfi't nut la dac trung cua phuemg phap thu nay. 

Kim loai tam cung co th£ duac thu ubn vdi mot goc xac dinh lien ti£p hoac cho den 
khi tibp xuc vdi canh cua m5u turc la cho d^n khi song song vdi canh cua no. Dang ubn tuy 
thuoc vao chat luang cua kim loai va chieu day cua no. Nbu sau khi thu ubn tren miu khong 
co vet nut thi co the coi la m^u thu 6n dinh. 
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Hinh 1.2. Thu u6n kim loai tain. 

1.4.3.3. Thuchieu sdu vet lorn tqo hinh 

Day la phuong phap thir cua ky su A. Ericson. Phircmg phap thir c6ng ngh6 nay duac sir 
dung rOng rai nha’i d£ danh gia kha ni\ng dap cua vat lieu iim c6 chi£u d&y tir 0.2 + 2 mm. 


1 



Qua trinh thir duac thuc hi£n bang c3ch tao hinh bai m6t chay hinh cdu ep vao mau, 
m8u nay duac kep giua ctfi va viknh chan (hinh 1.3). Phirang phap thir cua A. Ericson duac 
thuc hi£n tr£n cac dung cu chuyfcn dung kie'u MTJ1-10T hoSc 2068MTB-10 co th£ di£u 
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chinh duqc luc ep tao hinh va lire chAn phoi. Cac dieu kien thir duqc dua Iren cac tieu chuan 
phu hap: luc chan co the den 10 kN, phdi dai co chieu rong 90mm, duefng kinh chay 10 va 
20mm. Sir bi£n dang cua kim loai la do sir giam chi^u day cua phoi, tai 6 bie'n dang co hai 
thanh phin ung suat keo, chi£u sau cua vet lom dupe do bang mm tai thdi diem luc bien 
dang giam. 

Phuong phap thu cua A. Ericson co hieu qua nhat trong trudng hop khi kim loai dupe 
dung de che tao nhung chi tiet co hinh dang khdng gian phuc tap nhu hlnh cau, parabol v.v... 
(vi du pha den 6to). Khi do qua trinh dap vu6t se co hai thanh phan irng suat keo tai 6 bien 
dang. D6'i voi nhOng nguyen edng tao hinh khac phuong phap thir A. Ericson kern hieu qua 
hem. 

Dac diem pha huy va chat lupng be mat cua vet lom cho phep danh gia ve kha nang 
d^p cua kim loai: vet nut theo mot cung iron chung to kim loai co tfnh ddng hirdng, vet nut 
la mot duemg thdng chirng to kim loai co tfnh di huong, cA'u true tinh the dang nhanh hoac co 
khuyet tat do can. Neu be mat vet lom tinh sach, tron nhSn thi kim loai co c£u true hat nhb 
min, ngupc lai neu be mat tho nham thi kim loai co cau true hat ldn. 

ViSc thir do s&u cua vet 16m tao hinh nhAm muc dfch xac dinh loai thep tarn theo lieu 
chuan da dinh (F: dap vudt sau, Br: dap vud'l rat sau, CB: dap vuot phire tap, BOCB: dap 
vuot dac biet phuc tap). Chieu sau cua vet lom cang lem thi thir b$c cua loai thep do cang 
cao. Doi voi thep t£m 08 va 10, tuy theo chieu day va loai thep, chi£u sau vet lom thuemg 
>9 + 12mm. 


Ngoai ra di xac dinh kha nang dap cua kim loai tarn ngucfi ta con sir dung nhi£u 
phuong phap thir cong nghe khac. 

D6 clanh gia kha nang dap cua thep ta'm ngu&i ta con sir dung ly thuyet pha huy do su 
mat 6n dinh dtrdi dang bien mong cue b6 hoac xuA't hien cac n£p gap. De dac trung cho bien 
dang cue bo, Tomlenop da dira ra he so an loan deo: 


& i(KP) 


trong do va la cuong do bien dang tap trung va cuong do bien dang tai han. 

Bien dang lap trung duqc xac dinh dira vao ket qua do ludi toa do da duqc vach triroc 
tren phoi. Con bien dang t6i han duqc tinh nhu sau: 

- Khi trang thai ting suat phdng cung dStu: 

2ny 1 - m + m 2 

8i < KF >- (2^j 


Khi trang thai irng suat phdng khac dau: 


2n\ 1 


m + m 


i(KP) 


(1 + m) 
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trong dd: m = — 
a l 


(2e 2 ~ e i ) 
(2c J + g 2 ) 


< 1 la chi so trang thdi umg suit - biin dang duac xac djnh 


khdng tfnh d£n tmh di hirdng. N6u he so r| cang Ion ( « 1) th'i xac suit su mat 6n dinh cang 
lan hoac sir pha huy chi tie't ngay sau khi djnh vi trong qua trinh dap va do do kha nAng dAp 
cua kim loai 1A rA'l kem. 


D6 danh gia kha n&ng dAp cua kim loai ngudi ta con sir dung d6 thj gidi han. 06 thi 
nay duac xAy dung tir quan he gifra cac thanh phan bie'n dang chmh E| va z 2 thdi diem mat 
6n dinh trudc khi bi pha huy (hinh 1.4). Viing bien dang tdi han chia d6 thi lam hat phan: 
phAn phfa dudi hi viing an loan cho dieu kien dAp con phia tren la viing pha huy Theo true 
tung cua he toa do dat cac tri $6 bie'n dang chmh Idn nhAt trong mil phAng cua ph6i e, c6n 
theo true hoanh - bien dang chmh nhd nhAt e 2 





Hinh /.*/. D6 thi bien dang gidi han 

Viing gia tri dirong t 2 t irong ting vdi bkn dang kco hai phfa. khi e 2 = 0 ta co trang 
thai bien dang phfing, viing gia tri Am cua e 2 luong umg vdi bien dang nen co kco. 

D6 thi bien dang gidi han duac xAy dung dira vao cAc s6* lieu ihirc nghiem ddi vai m6i 
loai va chitfu day vAt lieu theo nhting phuang phAp khac nhau. Vi£c thi nghiem theo so dd l va 
7 (bang 1.3) dung dS xAy dimg phAu ben trAi ciia d6 thi. con theo so d6 6 diing de xAy dung 
piiAn ben phat. Cac thi nghiem theo cAc so dd con lai nhAm phuc vu cho vice xAy dung d6 thi 
ca a 2 phAn. Cac mau thir duac ke trudc cAc mang ludi toa dd dudi dang cAc vong iron vdi 
cAc duong kinh each nhau 2 4mm duac kco tren cac may thir kco hoAc dAp vudt va tao 
hinh bdi ede dung cu cho den khi bi phA huv hoAc mil dn djnh. 

De giam ma sat uep xiic giua chay va mAu phdi khi tao hinh ngudi ta dat mdt ldp dem 
mong polyurctal. So sanh trudng bien dang tAp trung trong cAc phan lir bie'n dang vdi bien 
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dang tdi han ngudt ta xac dinh dirge tfnh deo tai m6i thori diem cua chi tiet. 

Ngudi ta da dua ra m6t lieu chuan cin thifit de danh gia kha nang dap cua kim loai 
tam dudi dang nang luong rieng khi biin dang dong din da dugc tiCu ton di keo mail phang 
co tfnh den su di hudng do can: 

n= 1,2247 j 1 + R —Zfe— n <" +l > (MPa) 

V 2 + R* (n + 1) l a J 

Tieu chuan 17 co li£n quan din mure do dap vuot gidri han: K v = D/d f) va hi so len vanh 
k lv = D/d„ . 

Vfdu: - = 0,8169.n _t, ‘ IW94 khi —.100 = 0,06 - 0.2. 

' k D 

= 0,3796 + (20,2304/11) khi —.100 = 3,0 
k| v d 0 

Tren ccf s6 cua cong thuc tren ngudi ta da xay dung toan d6 di xac dinh he s6 gidi han 
khi dap vu6t va l£n vanh {hinh 1.5). Ph&n b£n phai dac trung cho tfnh chat ca hoc cua kim 
loai ( a b> n, R*), phan ben trai la cac dudng cong thay doi cua he so dap vuot va len vanh 
gidi han vdi cac chieu day tuong doi cua phdi khac nhau (hinh 1.5). 

Ngoai h6 so gidi han khi tao hinh, toan d6 con co the xac dinh nang lirgng rieng khi 
bien dang ding diu (va do do co the’ xac dinh cong bien dang) duoc dac (rung bdi gia tri cua 
tieu chuin n (diim a tr£n hinh 1.5). Phuong phap xac dinh tren loan d6 dirge chi ra bdi cac 
dudng din co mui tin. Theo loan d6 cac hi so gidi han 1 /k vu6r va l/k K . se tang len khi chieu 
day tuong doi cua phdi tang, cr b giam, n va R* tang. 

1.5. DINH NGHIA VA PHAN LOAI CAC NGUYfiN CONG DAP TAM 

Tat ca cac ngtiyen c6ng tao hinh vat lieu tam duoc he thong hoa va phan loai theo 
nhfmg dac diim cua qua trinh bien dang va edng nghi: 

Theo dac diim bien dang cua qua trinh dip tam, ngudi ta chia thanh 2 nhom chfnh: 

- Bien dang cat vat liiu; 

- Biin dang deo vat lieu. 

Nhom cac nguyin cong c&t vat liiu nh&m tach mdt phan vat lien nay ra khoi mdt phan 
vat lieu khac theo mot dudng bao khep kin hoac khong khep kin va kim loai bi pha vd lien 
ket giira cac ph&n tu (pha huy) tai vung cat. 

Nhom cac nguyin cong biin dang deo vat liiu nhSm thay doi hinh dang va kfch thuctc 
be mat cua phoi bing each phan phoi lai va chuyen dich the tfch kim loai de tao ra cac chi 
tiet co hinh dang va kfch thirdc c&n thiit nhd tfnh deo cua kim loai va khong bi pha huy tai 
vung biin dang. Trong da so cac trudng hop chieu day vat lieu phoi han nhu khdng thay d6i 
hoac thay ddi nho nhung khdng chu dinh. 
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Bang Hinh dang va kich th trite mau thu, so do tin nghicm 
de xay dimg do tin bien dang gidi hart 


Dang thi nghi6m 


1 Keo mau c6 cal khuyet 


2. Tao hinh dai c6 chi^u r6ng 
khac nhau b3ng chay ban cau 


3. Tao hinh mau iron co cdt 
khuyet 2 b6n 


4. Tao hinh dai co chieu rOng 
khac nhau bdi chay phang 


5.Tao hinh mau irbn co cdl 
khuyel 2 bSn b$ng chay phSny 


6. Tao hinh mau vudng bang 
chay bin cdu 


So dd Ihi nghiSm 
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Bang 1.3 . (Tiep that) 




Hinh 1.5. Toan d6 d£ xric dinh he s<5 hien dang gicfi han 
khi dip vu6t v.j len vanh. 


2.0 

1.5 

1.0 

0.5 


Trong qua irinh dap tarn ngirdi ta co the dap rieng hiet li/ng nguy£n c6ng hoAc c6 th& 
kei hap 2 hay nhiiu nguvOn cdng tr<5n ciing mot khuGn. 

Khi dap n£ng biet time nguyen cdng ndi chung nAng suat tha‘p, do chinh xac chi list 
thAp nhtmg uu diSm la khuGn dan gian, dc che tao. gia thanh thap phu hop vai sail xuAt dan 
chi tfc ho Ac lout nho. 
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Khi ket hap 2 hoac nhieu nguyen cdng tren cung mot khuon ngudi ta goi la dap lien 

hap. 

Dap li£n hap se cho nang suat cao, do chinh xac chi tiet cao, d6ng thdi giam dugc so 
lugng thie't bi, giam so cong nhan do do ha dirge gia thanh san phim, nhirng nhugc diem la 
khuon phurc tap, d6 chinh xac gia cong cao, kho che tao do do gia thanh khudn ddt, kho sua 
chua va thay the' khi hong hoc. Vi v£y d&p lien hop dirge ap dung thich hop khi san xuat 
hang loat Idn va hang khdi. 

Tuy theo phuang phap ket hap giura cac nguyen cong, dap lien hap dirge chia lhanh ba 
dang chinh: 

- Dap phdi hgp la phuang phap d6ng thdi hoan lhanh mot so nguyen cong khac nhau 
Iren ciing mot bo khuon trong mot hanh trinh ciia may (1 nhat dap) vdi mot lan dal phoi. 

- Dap lien luc la phuang phap ket hgp 2 hay nhieu nguyen cong khac nhau lien cung 
mot khuon dugc thuc hien lien tiep nhau bdi nhtfng cap chay - coi rieng biet trong mot so 
hanh trinh cua may va co su dich chuyen phoi tir chay nay sang chay khac. 

- Dap lien tuc - phoi hgp la phuang phap ket hop ca 2 phuang phap tren de hoan thanh 
1 so nguyen cong tren cung 1 khudn. 

Kha nang ke't hop gitJa cac nguyen cong rat da dang va phong phu, co th£ ket hop cac 
nguyen cong cat - dot vai nhau, hoac co the ket hgp cat - dot - uon hoac: cat - dap vuot - tao 
hinh v.v... tuy theo hinh dang va kich thude cua chi tiet, su sang tao ciia ngtrdi thict ke cong 
nghe, cac chi tiet dap t£m co the dugc tao ra vai su ket hgp cua nhieu nguyen edng khac 
nhau sao cho so nguyen c6ng dap la it nhat va gia thanh thap nhat. 

Tuy theo dac diem bien dang va dac diem cong nghe, phuang phap tien hanh v.v... 
ngudi ta ph&n loai cac nguyen cong dap t&'m nhu sau: 



Ten goi, dac diem, hinh ve minh hoa va dinh nghTa cua cac nguyen cong dap tarn dugc 
trinh bay trong bang 1.4. 
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cat vAt li£u 


Bang 1.4. Ten goi va d|nh nghm cac nguyen cong chu yeu cua dap tam 







i - L 



Ojnh nghTa va dac diem cCia 

n guyen cdng _ 

Cat vat lieu thanh cac phan theo 
di/dng bao khdng khep km. 

Cat cue bo mdt ph3n vat lidu ra 

khoi phdi, _ 

Tach mot phan kim loai theo mOt 
di/Png bao khep kin, phan kim 
loai tach ra la chi tidt. 


Cat vat lidu theo dirdng bao khep 
kin 64 tao thanh 16 suot tren chi 
tid't hoac tren tarn. Phan vat lidu 

cat ra la phe lieu. _ 

Tach mot phan vat lidu theo 
di/ang bao khdng khep kin. Phan 
vat lidu tach ra khdng rPi khoi chi 
tidt. 

Cat phdi phang, phdi cong hoac 
phoi rdng thanh hai hoac mdt vdi 
chi tiet rieng bidt. 

Ap dung khi chd tao nhCrng chi tid't 
khdng doi xi/ng, ban dau ch 4 tao 
thanh phdi doi xirng, sau do cat 

chia. _ 

Cat bo phan kim loai thCra theo 
dirdng bao ngoat hoac phan mep 
khdng deu cua chi tiet cong hoac 
chi tiet da dap vud't. 


Cat bo phan lupng dir edng ighe 
rat nho theo dirdng bao cua phdi 
ho3c 16 nhdm muc dich dat dupe 
hinh dang va kich thude chinh 
xac, be mat cat sach va vuong 
goc vpj be mat chi tiet._ 
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Bang l A. (tiep tlico) 
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Binh nghTa v& dac diem cua 
nguySn cdng 

Bi£n phdi phlng thanh chi tiet 
cong 

Cuon cac mep cua phdi de tao 
thanh chi tiet co dang vong neo 
hoac hinh tru. 

Quay mot phan phOi xung quanh 
true doc cua no. 

La phuang phap nhan di/oc chi 
tiet rbng tir phoi phang hoac phoi 
rong. Chieu day vat lieu hau nhir 
khong doi. 

La phirong phap nhan dirge chi 
tiet rong tu phot phang hoac phoi 
rong co chu djnh bien mong chieu 
day vat li6u. 

KhSc phuc hi$n tirgng khOng 
b£ng phang cac be mat cua phoi 
hoac chi tiet. 

Thay d6i hinh dang cua san pham 
nhung khong thay doi chieu day 
vat lieu, dirge thirc t M en nhd cac 
phan loi va lorn tuang ting cua 
cac bo phan cua khuon, 

Tao thanh go theo dudng bao 
ngoai hoac dodng bao trongcua 
chi tiet. 
































Bang l A. (tiep thco) 


Danggia Ten nguy&n 
cong c6ng 


Hinh ve chi ti6t 



Ojnh nghia va dac diem cua 
nguy£n cong 


Thay doi hinh dang cua phot da 
dirge dap vudt sa b6 de nhan 
dirge chi ti$t co hinh dang cuoi 
cung hoac kich thude chinh xac 
hon. 


Lam giam tiet di6n ngang 6 mot 
phan ctia chi ti6t rong hoac 6ng. 


Tang tift di$n ngang a m6t phan 
cua chi ti6t rong hoac tfng. 


Tao cho chi ti£t co hinh dang va 
kich thirdc chinh xac 


Tao nhCfng hinh noi loi lom trdn 
b6 mat chi ti^t, co sg thay doi 
chieu day vat lieu. 


Bien doi phdi day thanh chi ti£t 
hoac phdi rong mong bSng each 
lam chay deo kim loai qua khe hef 
giCra chay va coi. 


Tao v£t lorn tr6n b6 mat chi tiet 
de sau do khoan 16; ghi ro Joat 
san xuat hay logo cua san pham 
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LAP GHEP DAP LIEN HOP 


Hinh ve chi tidt 


Bang 1.4 , (tiep theo) 
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Oinh nghia vd dac diem cua 

_ nguydn cong 

Dong thdi thuc hidn hai hoac mot 
vai nguydn cdng khac nhau trong 
mot bd khudn sau mot hanh trinh 
cua may vdi mdt Ian dat ph6i. 

Lien tuc thuc hidn hai hoac mdt 
vai nguyen cdng khac nhau trdn 
mot bo khudn sau mot vai hanh 
trinh cua may v6i sir dich chuyen 
phdi lien tuc theo bode cua chay. 
Sau moi hanh trinh cua may nhan 
doge mot chi tiet. 

Tao mdi ghep cac chi tidt bang 
dinh tan. 

Tao ra mdi ghep bang each Idp co 
dd ddi. 

Ghep cac chi tidt bdng each tao 
ra cac khoa vdng. 


Ghep hai chi tidt bdng each udn 
cac tai. 


Ghep hai hoac mot vai chi tidt 
b§ng each uon go mep. 


Ghep hai chi tidt bang each top 
mdt trong cac chi tiet ghep. 

Ghep hai chi tidt bdng each gian 
rdng mot chi tidt 6 ben trong. 






















Chucrng 2 

NGUYEN CONG CAT 


Nhung nguyen cong cat dugc su dung rong rai trong san xuat dap tam nguoi. Sir dung 
nhtfng nguyen c6ng nay chung la co the cat nhung thep tam can hoac thcp cuon thanh nhung 
bang hoac dai, ck t nhung thcp \&m can ti£u chua!n thanh nhung phoi khac nhau, ckt hinh de 
nhan dirge cac loai chi tict phftng co hinh dang khac nhau, hoac cat phoi trude khi dap cac 
chi tiet khong gian, r6ng v.v... 

Chung ta chi khao sat nhung nguyen cong chu yeu, thong dung nh&'t dirge su dung 
trong ch£ tao may, nhkm xac dinh lTnh vuc su dung chung va xac dinh cac th6ng so can thiet 
cho viec tinh loan cong nghe. 

2.1. CAT VAT LIEU TAM VA ONG 

2.1.1. Nguyen ly bien dang va khe hd toi UU 

Nguyen ly bien dang khi thirc hien cac nguyen edng ckt co the khao sat qua vi du 
nguyen cong cat phoi va cat chia, Nhtfng nguyen edng nay dugc thuc hien nhd nhfrng may 
efu chuyen dung hoac bang khu6n cat. Bo ph&n lam viec la nhung ludi cat nhan sail vao 
trong kim loai lam cho no bi bien dang deo cho den khi tach hoan toan mot phan v&t lieu 
nay ra khoi phan vat lieu khac. Giua cac ludi cat co mot khe ho Z. Khi cit sc sinh ra momen 
uon M bang rich s 6 gifra luc ckt dat tai ludi cat vdi khoang each (canh tay don) Ion hail khe 
hd Z mot chut: 

M - a.R trong do a > Z 

Momen uon lam cho phoi cat bi quay di. Khi do se sinh ra phan lire N 6 b^ mat ben 
cua luai cdt (hinh 2.1). Tam kim loai se ngirng quay khi mOmen uon M can bang vdi momen 
do phan lire N gay ra: 

M - a.R = N.b 

Trong qua trinh cdt neu t£m kim loai bi quay di mdt goc thi chat lugng mat cdt se tSx 
kem, bj ba via va d6i khi khong th£ ckt dugc neu tri so khe hd Z Idn. Vi vay can phai loai bo 
hien tugng quay cua tam (hoac thanh) trong qua trinh cdt bang ca eft'u chan vdi luc chan Q, 
d6ng rhdi giam khe hd gitfa 2 ludi dao den tri so thfch hgp va mai dao vat goc trade y. 
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Ilinh 2.1 . S a d6 tac dung lire khi cat va hinh dang luoi cat. 


Trong qua trinh tach phan kim loai nay ra khoi mOt phSn kim loai khac co the chia 
thanh cac giai doan rieng bi£t (hinh 2.2). 



Hink 2.2. Cac giai doan cua qua trinh oh. 


6 giai doan dau cua qua trinh cat bien dang deo tap trung 6 mep lam viec cua Inoi cat 
sau do 6 bien dang bao qnanh luoi cat (hinh 2.2a). 

Giai doan 2 bat d5u khi co su dich chuy£n uremg doi giua ph<in nay doi vdi phan kia 
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ciia t&'m {hinh 2.2b). 0 giai doan nay no tao ra mat phAng nhan, sang bong va ducc san 
phdng bdi luc ma sal F hirdng doc theo be mat ben cua ludi dao. 

Do sir tien lai gan nhau cua cac ludi cat. muc do bien dang tang len va khi do tmh deo 
cua kim loai bi mat da bat din giai doan 3. Cac vet nirt xuat hien, phat trien va pha huy kim 
loai cho deh khi ket thuc qua trinh tach phan vat lieu nay ra khdi phan vat lieu khac cua tam 
(hinh 2.2c). Sir pha huy kim loai xay ra a phia trude mep lam vice cua ludi dao trong tam, vi 
the' cac vet nut ducc goi ia cac vet nth pha vd trude. 

Su dirt vc bit dau khi lirdi dao ep sau vao trong tam den mot chieu sau h xac dinh. 
Chieu sau h nay tuy thuoc vao tmh chit co ly cua kim loai va chieu day S cua tam, no ducc 
xac dinh bang thirc nghiem va thay d6i trong khoang til 0,2 -s- 0,8 chieu day S cua phdi, neu 
vat lieu cang deo thi h cang ldn. 

Chung ta co the tha'y ro cac giai clean ciia qua trinh c£t duqc dac trimg bdi hinh dang 
ciia be mat cat (hinh 2.3). 




Hinh 2.3. Be mat ben cua phan kim loai ducc cat ra, 

Vung I la vimg bi uon cua tam do cac ldp kim loai lien ke vdi be mat cat (doc theo 
chieu rdng cua tam) bi bao triim bdi bien dang deo thay doi tir gia tri khong d ldp gidi han 
ngoai ciing den gia tri cue dai d be mat bi tach ra, hen nira mure dd ciia su thay d6i nay lai 
xay ra theo mot quy luAt ham s 6 mu. 

Viing II la vung co be mat sang bong, ducc san phAng bdi luc ma sat, 

Viing III la vung be mat nurt vc ducc tao ra do su xuAt hien va phat trien ciia cac vet 
nirt. Cac vet nut nay tao vdi be mat cua tim mdt goc 0 xac dinh va ducc goi la goc nirt tu 
nhien. Gia tri ciia goc 0 = (4 6)° tuy thuoc vao tfnh chA't cc ly ciia vAt lieu. 

Tuy thude khe he giira cac ludi cat Z va do lun sau ciia ludi dao vao chithi day tam h 
tai thdi diem bat d^u su pha huy, cac ve't mil vd xuA't phat tir cac mep lam viec ciia ludi dao 
tren va dudi co ihi song song vdi nhau (hinh 2.4.a) hoac gap nhau (hinh 2.4b). Khi cac vet 


37 



nurt a mep lam viec cua cac krai cdt gap nhau thi tri s 6 khe ha Z la toi uu bat vi khi do chat 
lucfng mat cat la tot nhat, mat cdt phdng va nhdn. 




Hinh 2.4. So 65 phan b 6 cac vtft nut tai mep cdt. 

Tri so khe ha toi uu duac xac dinh n£u biet duac gia tri cua h va 0, 

z ,oiuu = (S-h)ig0 (2-1) 

Phan tich cdng thtic (2-1) chung ta co the thay rang tri $6 khe ha toi uu se tang ien khi 
chi£u day vat lieu tang va giam tri so h (nhu vay vat lieu cang deo thi tri so khe ha toi uu 
cang nho). 

Chi£u cao tuang doi cua dai sang h/S tuy ihuoc vao loai vat lieu phoi va toe do bien 
dang. Gia tri cua ty s 6 h/S co th6 duac xac djnh theo c6ng thuc kinh nghiem. Vi du ddi vdi 
thep 08Kn (khi a b = 300MPa) ta co: 

h/S = 0,76 - 0,035.S - 0,0014.n 

trong do: n - so hanh trinh/phut cua may ep. 

Trfcn thuc te' tri so khe ha toi uu Z tr>i duac xac dinh theo cac s 6 lieu trfin ca so thuc 
nghiem va nhung kinh nghiem cua nhung nha may tien tien. D6'i vdi thep mem tri so khe ha 
tdi uu thay doi tuy thuoc vao chi6u day vat Ii£u tu 0,02 (khi S = 0,25) den 0,82 (khi S - 
12,5). 

M6t each gdn dung co the coi rdng vdi S < 4 thi: 

Z(6i uu = (0.03 * 0,06) mm. 

Theo s6 lieu kinh nghiem cua hang ERFURT khi cat tren may cdt lam dao nghieng 
Z* uu = 1/30 chieu day vat lieu. 
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2.1.2. Cat tren cac may cat co lifdi dao chuyen dong tinh tien 

Theo dac diem chuyen d6ng ciia b6 phan lam viec, cac may cat dung di cat kirn loai 
tam dugc chi a thanh 2 loai: may cat co Iirdi dao chuyen d6ng tinh tien va Iuoi dao chuyen 
dong quay. 

Cac may cat co iuoi dao chuyen dong tinh lien dirge san xuat co dan dong co khi hoac 
thuv luc. Trong cac phan xuang chuan bi ph6i, de cat cac tam kirn loai chieu day < 10^-12 
mm nguch ra thirong su dung r6ng rai cac may cat co dan dong co khi (true khuyu co dao 
nghieng). D& cat cac thep tam day S < 40 mm ngudi la thudng sir dung may cat d5n dong 
bang thuy lire va co Iuoi dao nghieng voi cac dang khac nhau. 



Ilinh 2.5 , May cat dan dong true khuyu co ludi cdt nghieng 
va hinh dang tiet dien ngang cua Iuoi cat. 


Khi b6' trf Hroi dao tren nghieng qua trinh cat xay ra d£n dan, tren phan bi tach ra cua 
tam, vi the lire cat nho hon so v6i khi cat tren may cdt dao song song. Ngoai ra tai trong tinh 
dat len mep lam vice cua ludi dao lam tang do cung vung cua chung. 

Goc nghieng cua lirdi dao tren y edn phai dam bao tu ham, nghia la v6i goc nghieng 
do trong qua trinh cat se khong co su dich chuyen tam trong mat ph&ng ndm ngang. Tuy 
theo chiSu day cua tam, goc nghieng y = (2 + 6)°, vat lieu cang day goc y cang Ion. De ngan 
ngua hien tugng lat tam khi cat, trong ket cau cua may cat nguai ta bd trf mot dam chan 
truoc (ddu trugt) co din ddng tir true chmh. 

Cac thdng $6 chu yeu cua may cat nhu: chieu dai 16n nhdt va chieu day cua vat liSu co 
thi cat dugc. Theo tieu chuan FOCT thi chieu dai ion nhat co the cat dirge tr£n cac may cat 
dao nghieng la: 4000mm voi chieu day ldn nhat la 40mm, va gidi han ben cr b < 500 MPa. 

Truang hgp khi o b > 500 MPa thi chi£u day lan nhat cua tdm co the cat dugc se dugc 
xac dinh xuat phat tir di£u kien luc cat khong ddi: 
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trong do: S x va a b la chieu day va gidi han ben cua var lieu c5n cAt. 

Luc cdt khi cit tr6n cac may cat dao nghieng duac xac dinh theo cong thuc: 

Pi = S 2 .a c /2tgy (2-3) 

Tai m6i thOi diem cat, khi cat tren may cat dao nghieng ta co the coi gan dung dien 
tich cat: 

F = /.S/2 

tuc la bang difin tich tam giac abc (hlnh 2.6). Vi / = S/tgy nen F = S 2 /2tgy. 
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Hinh 2.6 . S a d 6 xac djnh luc cat trfcn may cat dao nghieng. 

Ndu coi luc cat bang tich so gitfa dien tich cat va tro luc cat ta co: 

_ 0,5.S 2 .g c 

tgy 

Neu tinh den do cun dao va cac yeu to anh hucrng thl luc cat thuc te se la: 

P = k.P, = (l.U 1,3) °’ 5S — < (2-4) 
tgy 

trong do: k - he so = 1,1 -r 1,3; 

P t - luc cat tinh toan theo cong thuc tren; 

<r c - tra luc cat cua vAt lieu; 

S - chieu day vat lieu; 
y - goc nghieng cua dao. 

Tinh chat co ly cua vat lieu, khe ha giua cac luoi cat, toe do bidn dang, dieu kien ma 
sat v.v... co anh hudng lan ddn tra luc cat cua vAt lieu ct c va do do anh huang den luc cat. 
Ntfu vat li£u co do ben cang ldn va tinh deo cang giam, cung nhu td'c do bien dang cang tang 
thi tra lire cat o c tang, neu khe ha giua cac luoi cat tang thi a L . giam. 

Tra luc cat duac xac djnh tren ca sa tOng hap cac sd lieu thuc nghiem theo bang rieng 
bao gdm cAc loai vat lieu tam khac nhau d trang thai bie'n cung nguoi va trang thai da duac u, 
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cung nhir ddi vdri cac loai vat lieu phi kim loai (chit deo, da, cactong v.v...). 

Tr a lire cdt a L . cung co the xac dinh mot each gan dung theo gidi han ben. Vi du ddi 
vai thep cac bon: 


cr c = (0,7 + 0.8)a b 


Khi cat tr£n cac may cat dao nghieng co the: xay ra hien tirang uon (xo3n) cac dai phoi 
xung quanh true cua no. Ndu goc nghieng cua liroi dao tr£n y cang ion, va chi£u rong cua dai 
cat cang nho thl hien tirang uon (xoin) cang nhieu. Do do neu chieu rong cua dai phoi cat 
nho (B < 50 + 60 mm) thl viec cat tren cac may cat dao nghieng la khong hop ly. Khi do nen 
cat tren cac may co dao song song (goc y = 0). 


Khi cat tren may cat dao song song, lire cat dirac cat xac dinh theo cong llurc sau: 

P = k. L.S.a (2-5) 

trong do: k - he so “ 1,1 -5- 1,3; 

L - chiCu dai dudng cat; 

S - chidu day vat lieu; 
a L . - trd lire cat cua vat lieu. 

Khi cat tren cac may cat dao nghieng. lire cal P o cac giai doan da on dinh cua qua 
trinh cat thay ddi khong dang ke (h'inh 2.7 dudng cong a). Do do cong llurc dd xac dinh cong 
bien dang A sc la: 


A -i 


1000 


( 2 - 6 ) 


trong Jo H la hanh trinh lam vice. II = L.igy. Dodd: 

X }'h [ £L 

1000 


(2-6a) 


P (kN) 



Ihnh 2.7. Sir tliay ddi cua Urc khi cat tren may cat: 
aj dao nghieng; b) dao song song. 
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Khi cat tren may cat dao song song lire cat P tang nhanh va dat gia tri cue dai, sau do 
giam dan (dudng cong b hinh 2.7). 

Khi cat cac X&m nhu nhau thi cong bien dang diroc dac tnrng bdi dien tich cua phan be 
mat giai han hoi duong cong a va b (dudng cong tai trong lam viec) la gSn ba.ng nhau, tuy 
nhicn a trudng hap a luc cat nho han so vdi b. Do do edng suat dSn dong cua cac may cat 
dao nghieng nho han so vai may cat dao song song. Thirc le da clumg minh rang do co su 
uon cac dai cat khi cat tren may c&t dao nghieng nen edng bifn dang lieu hao 1 cm han 10 -5- 15% 
so vai khi cdt tren may cii dao song song. Khi cdt tren may c^t dao nghiC-ng chivn rong cua 
dai cdt va cac phoi chiec l * J cung nhu do song song giua cac canh cua chung duac dam bao 
bdi cac cu lap tren than may va duac dieu chinh bdi mot co cau dac bier. 

CVmg bien dang co th<S tmh loan duac n£u chung ta bict duac dien tfch gibi bun bdi 
dudng cong tai trong lam vice (duac xac djnh bai may ve do thi) hoac bict duac he so dien 
fr&y cua dudng cong tai trong lam viec: 

* - P,;/P mj , 

Trong do P cp la ty so gifra dien tich cua dudng cong tai trong Jam vice vdi hanh trinh 
cua ludi dao (bang chieu day phoi) khi do ta co cong bien dang se la: 

A = >..P mux .S (2-6,b) 

Then cac so lieu thirc nghiem khi: 

■ S < 2 mm thi X = 0,75 - 0,55. 

■ S = 2-5-4 mm >.=0,55-0,45. 

■ S > 4 mm X = 0,46 - 0,3. 


Vat lieu cang mong va deo tri so X cang Idn, vat lieu cung, gion va chidu day idn thi 
tri sd X cang nho. 

Tift dien ngang cua cac ludi cat co dang nhu (hinh 2.5.b). Ludi cdt co goc trircrc a - 
4° duac dung 66 alt kim loai tain co chi^u day < 4mm, con ludi cat co a = 0° dung d£ cdt 
cac tam day. Khi chichi dai ludi cSt Idn han 600mm ngudi ta co the chia thanh tung doan d£ 
de nhiet luyen va co the thay the tung doan. Mot dang khac cua may cdt dao nghieng la may 
Citt rung (may cat dao dong), loai nay thudng co ludi dao dudi kep chat tren than may va co 
dinh, con ludi dao tren chuyen dong tilth tien nhb co cf\u cam dac biet vdi so hanh trinh tu* 
(1200 - 2500) hanh tr'mh/phut (hinh 2.8). May c&t rung chu ycu dung 66 efit cac dudng cong 
(ca dudng bao ngoai va dudng bao trong) vdi ban kinh luau R > (12 ^ 15) mm, va chiCu day 
vat lieu S < 3 mm. Do chinh xac kich thude thap, goc me cua cac ludi dao trong may ait rung 
ihuang tit 24 - 30° (Idn han goc tu ham) do do cac tain duac dua vao ludi cat mot each 
; udng hue. Hanh trinh cua ludi ait cd the! thay ddi trong gidi han tu (2 - 4) mm. 


ri Phoi chiec la phoi rdi rac dan le. 
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M 6 i dac diem cua may cat rung la khdng co do trung dab, c 6 n khe hd giCra cac krai cat 
tht Ian han khe ha 161 iru (0,2 ^ 0,25)S. Dteu do dam hao cho vtec quay phbi xung quanh 
mep lam viec cua dao trong qua truth cat duang bao cong 

Nhuac di 6 m cua indy cat rung so vai indy cat tarn la su mai mon nhanh cac luai cat. 
cung nhir sir tao thanh bavia va rang cua theo duang bao cua phot cat Do do sau khi cat phai 
sua lai duang bao bang cdeh kep lai thi'tnh timg chdng va phay lai theo duang bao. Mdy cdl 
rung chi sir dung trong san xudt loat nho do nang su;Vt thap, 

Luai dao cua cac may cat dung dd cdt cac thep tArn cacbon thap ihucmg duac che 
tao bang thep cacbon dung cu; Y 8 A. YtOA; con khi cat cac thep co do ben cao thuang 
dung th«5p hap kim X12M hoac tuong duang. Do cung ciia Urdi dao khi nhiet luyen dat 
(58 - 60)HRC. 




Hinh 2.8. S a do mdy cat rung 

2.1.3. C^t tren cac may cat co lirdi dao chuyen dong quay 

Cac may cat co luai dao chuyOn dong quay hay con goi la may cat dao dla bao g 6 m 
cac luai cat (dla) co citng duang kmh chuySn dong quay nguoc chiC ; u nhau vdri cung mOt 10c 
do goc. Cac mcp lam vtec cua cac dla dao duac dat sao cho d 6 trung dao d = (0.2 * 0.4)S 
(hinh 2 . 0 ). 

Mat dac diem n 6 i bat kin cat Iren may cat dao dla la vai mat duang kmh dla dao xac 
dinh, cdc may cat khong nhCrng chi cai kim loai ma con gifr chat va keo kim loai vao vung 
cat V] vdy chteu dai cua dai cat vS nguyen tac co the la v 6 tan. 

Th 6 ng sO chfnh dac trung cho may cAt dao dla la chieu day lan nhat cua uVm cat, no co 
tlte cat duqc cac iam co chteu day (ten 25mm khi a h < 500 MPa. 
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a) 



b) 


Hinh 2.9. So d6 lire lac dung khi cil iron may cat dao din 
(a) va 6 hien dang deo (b). 

Chiing la khao sai dic ; u kien "an dao" cua cac dla dao. 6 ihcrt diem tie’p xuc giifa c$c 
dTa dao vdi i4m cd luc ma sal T va ap lire phap tuyen N lac dung K v n tam (hinh 2.9a) cac dla 
dao sc keo tarn kim loai vao vung cat khi: 

2.T. cos a > 2N.cosp 

Theo hinh ve la co: p = (90 n - a) va theo d.inh luat C'ulong T = p.N (irong do p la lie 
s6 ma sat Hep xuc ) Tliay vao bat dang thirc trOn la cd: 

2. p. N. cosa > 2N sina 

Tu do ta co: 

p>tga. (2-7) 

Nhtr vay de co the keo lam. cac dia cal d thoi diem bat dnu cal can phai dam bao sao 
cho tang cua goc nghieng giua titfp tuyen vdi dirdng bao cua din cdt iai di£m uep xuc vdi 
l£m va true nam ngang (iga) phai bang ho;)c nho lion he s 6 ma sal (vdi p = 0.2 -> a = 12 1 '), 

6 giai doan On dinh cua cac qua irtnh cai. dicu kien an dao cd ihd vuft dirdi dang: 
p £ tgu lh trong do: a, b = (a|+tt)/2. 

Hay: p > ig[(a +a,)/2| (2-8) 

Do chifcu day S rat nho so vdi dir&ng kmh dla dao. gin tri cua cac goc a va a ( efing rat 
nho non chiing la cd the- coi: 
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tg[(a + aj)/2] % tga/2 + tgaj/2 % sin a/2 + sina^ 
Nhu vay dieu kicn an dao c6 dang: 

q > sin a/2 + sin aj/2 
Sir dung cac quan he hinh hoc cua chung ta co: 

R( 1 - cos a) — d/2 + S/2 
R(1 - cos a ( ) = d/2 

Sir dung phep biCn d6i luqng giac la diroc: 

(1 - cos a) = 2sin 2 a/2 
(1 - cos o^) = 2sin 2 a|/2 


Do do: 


Suy ra: 


2R sin 2 a/2 = (d + S)/2 va 2R sin 2 a,/2 = d/2 


„ VdTs . . „ Vd 

sin a/2 - va sin ai/2 = 


j— — /— 

2vR 2VR 

Thay cac tri so tren vao dieu kien an dao a giai doan 6n dinh ta dircrc: 


V d + S *Jd ^ Vd 

2%/R + 2-v/r 2-Jr 


(VdTs+Vd) 


(2-8a) 


(2-9) 


Tir di£u kien nay ta co the xac dinh diroc durang kinh nho nhat cua dia dao d& dam 
bao dieu kicn an dao trong qua trinh cat: 


^Rmln ~ 


d + /(d+”s).d + 0,5S 


( 2 - 10 ) 


Nhu vay duang kinh dia dao se cang Ion neu nhu chieu day vftt lieu cdt S va d6 trung 
dao d cang lorn, luc ma sat tren b£ mat tiep xuc cua dia dao va tam cang nho. Neu gia tri cua 
do trimg dao d thay dcii trong khoang (0,2 -5- 0,4)S thi ducmg kinh cua dia dao se la: 


D > (1,0 - 1*2) — 


( 2 - 11 ) 


Nhu vay neu h£ so ma sat p = 0,15 thi D > (45 -s- 55)S va n£u ju, = 0,2 thi 

D > (25 + 30)S. 

Thuc te da chirng minh ring ducmg kinh dTa dao D > (35 + 50)S khi cit thep ntm day 
(S > 4 mm) va D > (25 -s- 30)S khi cat thep tam mong, khi do goc a < 14°. 

Khi cat tren may cat dao dia 6 bien dang la tam giac co canh cong abc (hinh 2.9b). Vi 
chieu day S cua vftt lieu rat nho so vdfi ban kinh dTa dao R nen co thi coi gin dimg tam giac 
abc la tam giac co cac canh thing. 
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Thanh ph£n thing dtrng cua lac cat P tac dung theo dudng song song v6i diremg noi 
lam cua cac dla dao, sc bang tfch s6 giua dien tfch cua 6 bien dang F vai tra lire cat a c : 

P, = F.a c 

(—\ / . (be 


trong do: F = (be)— ; / = va 2y la goc d dinh tam giac Aabc. N£u coi: 

Y = ot tb = (a + a ] )/2 

thi diem dat lire P trung vdi trong tam cua tam giac Aabc va ta co: 

S 2 .c c Vr 


P, = K. 


S 2 .ct c 


4.tga, b K '2psTdT7d] 

Nhir vay lire cdt P se tang khi: S, a c , R tang va d6 trung dao d giam. Lire cat giam khi 
d tang. 

Mdmen cin thiet di cat bang tfch s 6 giua lire tiep tuyen T vdri ban kinh R hoac bang 
tfch so giua luc cat P, vdi kboang each tir diem dat lire den duemg noi tam cua cac dla dao 
(hmh 2.9 b). 


( 2 - 12 ) 


Co the? coi L * —sin a n£n: 

2 

M = P—sin a 
2 

Thay gia tri cua lire P vao c6ng thirc tren ta duac: 

M= 0,125. S 2 .a c .D.cosa 

Co th£ xac dinh cosa tir cac tam giac Aofe va Acfg (hinh 2.9b): 

oe R-d/2 


(2-13) 

(2-14) 


cosa = 


R + Cf R 4 - .cosa 


2.R -d -S D-d-S 


=> cosa = 

2.R D 

Thay gia tri cua cosa ta duac: 

M = 0,125. S 2 .<T t ..(D - d - S) (2-15) 

Neu tmh den he s6 K = 1,3 ta co: 

M = 0,16.S 2 .o t (D - d - S) (2-15a) 

Tir c6ng thurc nay chung ta co the thay rang: momen can thiet de quay cac dla dao se 
tang ten khi tang cac thong so chieu day cat S, tra luc cat a c va duerng kinh dla dao D. Khi 
do trung dao d tang thi momen cat giam. 

Cong sua't ciia d6ng co dien N duac xac dinh theo cong thirc: 


X1 M.o) Tt.n .... 

N - -—- = M. (kW) 

r\ 30 n 


(2-16) 
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irong dd: o> - idc dd gdc cua dla dao (1/s); 

n - s 6 vong quay cua dia dao irong 1 phut (vdng/phut); 

M - mdmen cin thififl 66 cdi; 

rj = 0,7 t 0.8 : hieu suat c6 (ch cua may cat dao dla. 

Tuy iheo hinh dang mep lam vice cua cTia dao va vi tri urong quan cua cac dla dao 
ngucri la cd \h6 cat dupe cac dai co chi£u dai v6 tan hoac co thd cat dupe ede cung iron va 
cac dang dudng cong khac. 

Cac may eat co cac true dla dao song song va n&m ngang ihudng cd mdt hodc mdt 
vai c$p dla dao dupe dung chu y£u 66 cat cac tam th&nh cac dai. 

Cac mep cat cua cac dla dao thuemg co 2 dang: goc cat 8 < 90 n va 8 = 90 n (hinh 

2 . 10 ). 



Hinh 2.10. Kei ca'u cua dao cat dia. 

Cac mdy cat dao dia co goc cat 8 < 90° thuemg la ede mdy cat cd mdt cap dla va 
ihudng 66 cat kim loai tarn mong. Gdc cat 8 = 85°, 66 (rung dao d = (0,2 -s- 0,6)S va khe ha 
gitra cite dla dao Z = (0,06 -s- 0,07)S. 

May cftl dao dla cd gdc cat 8 = 90° ihudng cd hai hay nhidu dla dao (nhieu cap dla) 
May cat nhieu cap dia cd lh£ cat tam hoac rulo ddng thdi thanb nhicu dai hoac bang cd cung 
chidu rdng hoac v6i nhifng chiCu rdng khac nhau luy theo vi trl cua ede cap dla dao tren true 
dao (hinh 2.11), May cat nhieu cap dla ihudng dupe dung irong san xuAt hang loat Idn v& 
hang khoi. Cd thd cat dupe cac tam hoac ruld cd chieu rdng den 1600 mm va chiSu day S 
den 3 mm. Qii£u rdng idng cong cua ede dai cat edn phai nhd hem (5 + 6)% chieu rdng cua 
tarn 66 loai bo sir khdng ddng deu cua mep ta'm. Dei dam bao dd chfnh xac kfch thude cua 
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cac dai cat v& chiSu r6ng. gitia cdc cap dia dao thi/ang c 6 c;ic bac chan 1* va de han ch£ cac 
diii cat bj udn ngucn ta sir dung cac vong cao su 2 (hlnh 2.11). 

Vice cat cac cu6n rutG can r6ng thanh cac bang diroc tidfn hdnh trCn cac day chuy&n 
tudOng chuyen dung (hinh 2.12) va duac sir dung trong nhidu llnh vac cong nghiep 



Ilinh 2.11. S a c!6 may cat nhieu cap dia. 



Hinh 2.12 . Day chuyen cat. 


De cat cac cung tron va cac duong cong iheo dau ngtrcri ta sir dung may cat mot cap 
d7a co true dao nghieng. May cat c6 m(>t true dao nghieng de eat cac phbi c6 ban kfnh tirang 
doi lefn va chu ; u day vat lieu nho. G6c nghieng cua true dao ip ^ (30 -s- 40)" va goc cat 
6 = (85 + 87}" (hinh 2.13a). 

May cat c6 2 true dao nghieng (so \di phuong ngang) dung de’ cdt cac daang cong. 
hinh dang phirc tap vdi bdn kinh tirang doi nho (hinh 2.13b). 
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Ilinh 2.13 . MAy cat dia, true dao nghieng. 


Dae die'ni chti v£u cia mdy cat dao dTa co cac true dao nghieng la khong c6 dc> (rung 
dao, khoang ciich giura cac mep cat cua dao theo phuong lhang dung d = 0.25S va khc ho 
giura cac dia dao tuong doi Idn Z = (0.2 -5- 0,25)S, die diim nay cho phep co ih£ do dang 
quay tarn kim loai so v6i mep lam viec cua dao irong qua trinh cat va do d6 co the 1 cat dupe 
cac duong cong va hinh dang phuc tap. 

Khi goc nghieng cua true dao <f> = 45 M thi c6 thd cAt dupe cung iron vcri ban kmh nho 
nhat 15 R m , n = 0,7.D (irong do D la dirPng kinh dia dao). Ngoai ra b£n kmh nho nhat co the' 
cat dupe c6n tuy thupc vao chiOu dAy cua phdi. R mm giam khi chieu day S giam. 

Tuy theo chieu day cua phOi, duang kmh cua dia dao co the thay d6i tu (50 -*■ 300) mm 
va chidu day cua dao tu (20 v 90) mm. DTa dao thuong dupe lam bAng thep hap kim dung cu 
Y8A hoac tuang duang. Dp cung cua dao sau khi nhiet luyen thuong tu (48 52) I IRC cac 

be mat lam viec cua dia dao thuong phai mai va dp khPng song song nho nhat cho phep cua 
cac lx ; mat nay < 0,02 mm tren 300 mm duPng kinh cua dia. 

NgirPi ta c6 thO dung mdy cdt dao dia de cAt mep cac chi tiOt sau khi dAp vuOl (hinh 
2.14). Khi chidu day cua phOi tir 0,3 •*- 0.7 mm va duPng kinh chi tie’i kh6ng Ion (300 + 400) 
mm thi co the c;it mep bang may cAt dao dia va may cat dao dia nay dupe dAt tren mot may 
cat chuyen diing. Khc ho tOi iru gifla cac dia cAt itr (0.25 -f 0,5)S dvrong kinh dia cdt tu 
(120 -r 70) mm va toe dp quay cua true chinh la 500 vong/phiit. 
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Hinh 2.14. So (16 ail mep hang may cAt dao dia. 


lrong san xuat hang I oat 16n va hang khoi (vi du san xuAt n6i kim loui) ngirai la sir 
dung cac may tu dOng va ban tir dOng chuyen dung di cAt mep bang cac dia dao va cac con Ian 

2.1.4. Cat ong bang khuon 

Co ihd thtrc hicn vide cat dng bang khuOn voi cac Orig c*6 dtfftng kfnh (60 * 80) mm va 
cliidu dAy thanh (4 ^ 5) mm. Vdi cac dng co dudng kfnh lan ban (60 * SO) mm va chieu day 
thanh 6ng lan han 5 mm thi viec cat bang khuon la kh6ng hap ly. do mep cal eua dao mon 
nhanh vA thirctng bj sirt me. Vide cAt cac 6ng dudng kfnh lan thudng dirac lien hanh bang 
phuong phap eua (cim dai, cua dia ina sal. dia dao nem...). So do cAt nng bAng khuOn duoc 
trinh bay Iren hinh 2.15a. 

Vice cal dng bang khuon dirac lien hanh dOng thdi irdn hai mAi phang cAt, nghia la c6 
phe lidu. Nguai ta day Ong xuyen qua 16 eua edi co duong kinh D den cur 1 Khi dAu iruoi di 
xuong. phOi 6ng se duoc kep chat bci cac nua cOi tTnh 2 va nua coi dOng 5 nhd lhanh ch&m 4 
sao cho 6ng hi bien dang deo khong dang ke’ (nham lam giam klni nAng hi ep meo khi cat) 
Sail do dng se bi cat bdi cac inai phAng eua luoi dao (chav) va c6i. Ddu lien ludi cii 3 liep 
xuc vdi dng va xuyen thung dng bAng dinh nhon. sau do qua trinh cAt xay ra mOi each nhe 
nhang. Chidu day cua chav cAi 3 thudng lay bAng chidu day lhanh dng va gdc nhon 6 dinh 
chay thudng lay bAng 60' 1 ho Ac c6 thi c 6 dang nhir hinh 2.16. 

Nhuac diem chu yeu cua khuOn nav la tudi iho cua chay lhA'p. chflfl luemg mAt cAi 
khong cao vA lAm meo lie't di£n ngang ciia dng. 

Khi chAy 3 dp vAo dng xay ra bidn dang dan hdi cue bd vA sau do la bien dang deo lAm 
udn lhanh dng, lam cho no mat On dinh va bj xuy£n thung lao thanh mol 16 hOng lui rung cAi 
0 lhanh dug, chay tiep tuc di xudng qua trinh cAt xay ra va phe lieu duoc cudn vao phi a 
lrong dng cho d&'n khi no tiep xuc vdi phAn thanh dng khdng bi bifn dang, khi do dng bi cat 
khong phai true tiep bang luefi cat cua dao ma do Ap lire cua dao thOng qua phAn phe lieu da 
dtroc cAt. 




Hinh 2.15. KhuCn d& cdi ring. 








[link 2.16. Ifinh dang dinh chav cat. 

6 giai doan ket thuc qua trinh cat luc cat tang len, b6 mat cat la do bi xc r.ich va xuat 
hien ba via (hinh 2.15b). 

Nguai la con sti dung mot ioai khurin d£ cat ring irong do 2 birac dtroc thirc hien lien 
ti£p tr£n mdi khuOn. 
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■ Bade 1: Cdt trude phdn thanh 6ng lai vung cdt vci do sau hang hai Idn chi£u day 
thanh ong bci mOt chav mong co rang cua chuyfcn dOng vuOng goc vci dudng 
sinh cua Ong. 

■ Bircc 2: Cdt Ong bdi ebay co dang gtOiig nhtr d loai khuon tr£n tai vung da duqc 
cat truce (trinh tu cdt nhu a hinh 2.15c). 

Vice cat truce vimg thanh ong lam cho phO lieu kim loai khOng quay vao phfa trong 
Ong mil quay ra phfa ngoai one do do chat luqng mat edi lO't hen. liei dien ngang cua 6ng tai 
viing cat khOng bi rneo vh uiOi thq cua chay cdt cung cao hen. 

De cat cac loai thep hinh (thep goc, thep chu U, thep iron, thep vuOng. t ngudi (a co 
the su dung khuOn hodc mdy cat thep hinh chuyen dung, trong d6 cac bo phdn lam vifcc la 
cac ludi cdt co 16. Hinh dang va kich thude ede 16 u/ong ung vci iiOi di£n ngang cua phoi 
cat. MOt krai cdt duqc c 6 dinh tren than may. con ludi cdt kia cung vci ddu truci co chuvdn 
dong song phdng (quay-Linh tieii). De’ giam luc cdt va ban che su thay dOi tiCt dien ngang 
cua phoi. thuong cac hrOi cat (cac 16 hinh) dirqc b6 tri c trong khuon bode trong may cdt 
thep hinh sao cho g6c giua cac ednh cua phoi cdt vci huemg chuyen dOng cua dao bang 45 n 
(hinh 2.15d>. Goc nay nho se lam tang thanh phdn lire ngang khi cat do d6 se lam meo ednit 
cua phoi cdt. 

2.2. CAT HINH V A DOT L() BANC, KHUON 

2.2.1. Anh hircng cua khe hd den tri so va dau cua bien dang dan hoi 

Cdt hinh va dot 16 Id nhung nguyen cOng duqc su dung dS tao ra ede chi ti£i phdng tu 
cac phot tdm, dai hoac bdng va cQngcd th*2 d£ cdt phoi cho cac nguvOn cOng titfn, dap vu6*t 
va tao hinh v.v... 

Cac chi tiei chu yeu cun khuOn cdt hinh. dot 
16 la chav va cOi v6i mot tri s6 khe he xac dinh Z 
(hinh 2.17). Tam ho;)c dai phoi duqc dat trOn b£ 
mat cOi 3. chay I chuyen dong di xuOng cung vet 
nua khuon tren ep len tdm. Khi do cung giong nhu 
qua trinh cat phOi iron may cdt xay ra su dich 
chuyen tueng d6i cua kim loai trong edi ddn den su 
pha huy kim loai nghla la there hifcn vide cdt hinh 
hay dot 16. Phdn kim loai duqc tach ra chui qua 16 
c6i, phdn kim loai nay se Id chi lift nfu la nguyen 
cOng cdt hinh va la phe lieu nfu Li nguyen cOng dot 
16. Phan kim loai con lai bam vao chay va se duqc 
go ra khot chay bet tarn gO 2 khi ddu truqt di l£n. 



Hinh 2.17. Cdt ede kim loai tdm 
bdng khuon. 


52 



Khi cat hinh va dot 16 6 bi£n dang deo bao 
trum loan bO chi£u day phoi. ngay sdt mep lam 
vifcc cua chay va coi. gidi han cua no dirge chi ra 
bai dirong dun n<5t trOn hinh 2.18. Ling su&t phap 
sinh ra khi cat hinh va dot 16 phdn b6 irCn 6 bien 
dang khOng d6ng deu, di<5u do dan den sir phdn bo 
bien dang kh6ng deu trong cac Idp kim loai song 
song vdi mat phang cua phoi trOn loan bo chi£u 
day. Trang thai ung suat va bi£n dang khi cat hinh 
vd dot 16 ddu Id irang thai khO'i. 

Bi6i dang cue dai e p theo hu6ng kfnh 6 
phdn mep lam viOc cua chay va cO'i, con bien dang 
nho nhat a khoang giua ciia cac mep lam vice nay. 

Bi£u d6 phan bo cua bi£n dang theo hiring kfnh c p 
doc theo chi£u day cua phOt dugc b\£u diOn nhu 
hinh 2.18. Hinh 2.18. PhAn b 6 bitfn dang 

Su phAn bo khOng d6ng dOu cua ting suit va trong qud IrJnh cat dot. 

bien dang la do tac dOng cua mOmen uOn. ma 

mOmen u6n nay phat sinh la do c6 khe ho giua chay va coi khi cdl dot. Tri sO cua mOmen 
non bang tich s6 cua hop lire cac lire thanh phdn (dat tai be mat ticp xuc giua phoi vdi chay 
va cOi) vai canh lay don Ion han khe ha Z mOt chill 

Vai rnOi mOmen uOn x;ic dinh. phdn kim loai duroe tach ra hi u6n nhe va co dang I6i 6 
day. Su uOn phoi lam cho mat cdl bi xoay di va gdy ra su lech tarn cua phdn phOi so vai day 
cua chay. Dieu do ddn den sir phan bo khOng dOu cua urng sud't phap a, tren b6 mat tiep xuc 
(hmh 2.18). 

Su phan bO khOng d£u cua ung sud't phdp a, gAy ra su phan bO khong d£u cua urng sudl 
huong kfnh o p irOn chidu day cua phoi vd trong cac lOp kim loai song song vdi b£ rr»dt ciia 
no. De giam sir thay d6i hinh dang cua phoi khi cat hinh, ngirdi ta lim bien phdp lam giam 
momen uO'n bang each giam khe ho giua chay va c6i. 

Bi^ii dang cue dai theo huong kinh dugc dai a phdn mep lam viec ciia chay va coi vi 
the tai ddy phal sinh nhting vet ntit t£ vi. sau 46 cac v£t ntit phdt trien nhanh vao sAu trong 
kim loai. Khi cac vet nut gap nhau. qud trinh pha huy kim loai ket thuc. Sir gap nhau cua cac 
vet nut lam cho qua trinh trugt nut xay ra giO'ng nhu khi cat tA'm vai tri $6 khe ha toi uu 
Z, nl uu dugc xac dinh theo cOng thuc 2.1 (hinh 2.19a), 

Khi tri $6 khe her Z = uu cac v£t nut phat trien va gap nhau tai lap irung binh cua 
[dm. Khi tri so khe ha Z tang len thi mOmen uOn tang len lam tAng tri sO ung suai keo a 
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viing hi6i dang, vj ilie cac vPt nirt phit trien theo bi mil ta do. cich xa cac mep cit cua 
dung cu va lao thanh ba via. 

Khi tri s6 khe hd Z < Z tllJ uu Mr phat trien cua cac vei nut khong irung nhau, kill do tao 
ra 2 hay mdt vai dai sang dtrpc tach ra giua cac vimg bi din va (hinh 2.19b). 


n 



Hinh 2.19. Sir phin b6 cac v£t nut phu thubc vao khe ho 7. 


Tri sd khe hd tOi uu khi cat hinh va dpt 16 tuy thuOc vio chiiu day cua phoi va tmh 
chit co aoc cua no. Tri s6 Z^, Ju dupe xac djnh theo bang tr£n ca so tong hop cac s6 lieu tlnrc t£'. 
Vdi chieu day cua phoi kim loai tu (0.3 «f 20) mm tri $6 khe hd tui tru thay d6i tu (5 + 12)95* 
so vdi chi£u diy S (tri s 6 nho ting vdi chieu day nho. tri s6 Idn ting vdi chi£u day Idn) 

Khi dap kim loai mong co chieu day S < 0,3 mm. ngifdi in su dung khuOn khong co 
khe hd. khi do dirdng ban cua chay chua tdi nhin dtroc bang each chudl qua cPi da tdi hoic 
nguqc lai 

Khi cat hinh va dot 16 tren cac miy hinh trinh nhanh (stf hinh trinli Idn han 120 
nhai/phiit) do hien lirpng giau nd nhiet lam cho khe hd giua chay va c6i ting len tir 1.5 -r 2 
lin so vdi tri so khe ho thdng tlurdng. 

Theo Mikhailenco. n£ii tri so khe hd ting len (15 + 20)91 so vdi tri s 6 kite lid idi uu thi 
do ben cua chay c6i ting len nhung chit luong cua be mat cit cua chi lie! xiu di. Khe hd cua 
chav va c6i co anh hudng dtfn dfliu va tri sP cua biOn dang dan h6i cua chi tier cil hoic Id 
dpt. Khi tu sd khe hd tang se lirn ting mdmen ud’n, do do ling ting suit keo dan den lam 
ting ca biffn dang keo hudng kinh. 
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San khi cAt dot, tai cac vung ximg quanh cua chi tiet cAt va phe lieu xuat hien bien 
dang nen dan hoi g p , v] vay dudng kmh cua chi tiet nho ban so vdi dudng kmh cua coi, con 
dudng kmh cua 16 dot thi lan han dudng kinh cua chay. Khi do chi tiet co the rai tu do qua 
16 coi vii phe lieu d£ dang gd ra khoi chay. 

Khi giam khe ha (so vdi tri so khc ha toi uu) thi mo men uon giam va do do ung suat 
keo hudng kinh giam khong dang ke’ va hau nhu khong co sir anh hudng den bien dang dan 
h6i. Tuy nhien khi do xuat hien cac tensa ung suat nen cau nen sau khi cat hinh xuht hien 
cac bien dang keo dan hoi lam tang dudng kinh cua chi tiet da duac cAt va lam giam dudng 
kmh cua 16 dot. Khi do chi tiet van nAm trong coi va phe lieu vAn bam chat vao chay. Ngoai 
ra vice giam khe hd se lam tang sir tap trung tfng suat phap a z d cac mep lam viec ciia chay 
va coi, lam cho cac mep sAc cua chay va cdVnhanh bj cun, dAn den lam giam do curng vimg 
cua khudn va tu6i tho cua khuon, d6ng thdi khi khe hd nho cac chi tier dune cAt ra co kich 
thude chmh xac han, phAng va khong can phai nan lai. 


2.2.2. Kich thutfc lam viec cua chay va coi 

Khi cAt hinh, kich thude cua san phAm tuong irng vdi kich thude phAn lam viec cua 16 
coi. Khi lam vice coi hi mai mon lam cho kich thude phln lam viec cua 16 coi tang len (dot 
vdi cac chi tiet co dudng bao l6i) vi vay kich thude cua coi khi cAt hinh cAn phai la kich 
thude gidi han nho nhat ciia chi tiet, nghTa la: 


0^:1= (D dn - A) 


+*c 


(2-17) 


trong do: D Un - dudng kfnh danh nghTa cua chi ti£t; 

A - dung sai dudng kmh cua san phAm; 

8 C - dung sai kich thude cua coi. 

Kfch thude lam vice cua chay khi cAt hinh (trong trudng hop tren) se nho han kich 
thude cua c6i dung hAng tri so khe hd Z, nghTa la 

tyjuiy = (Dcrti ~ 2) 

hay Dchay = (^in “ ^ _ ^)-5 ch (2-18) 

trong do: 5 ch - dung sai kich thude cua chay. 

Khi dot 16, dudng kmh cua 16 nhan duac tuemg ung vdi dudng kmh cua chay, khi bi 
mai mbn, kich ihudc cua chay bj giam di vl the dudng kmh cua chay cAn phai lay bAng gia 
tri gidi han ldn nhat cua 16, nghTa la: 

dchi) ■■ = (do,, + A)_g ch (2-19) 

trong do: d dn - kich thude danh nghTa cua 16; 

A - dung sai cua 16. 

Khi do kich thude cua edi se la: 


55 



hay la 




d 


L’rtj 


(djn + A + Z) + ^ c 


( 2 - 20 ) 


Cac cong thirc tu (2-17) ddn (2-20) de xac dinh cac kfch thude lam viec cua chay va 
cdi khi cat hlnh va dot 16 cac chi tiet bang kim loai co chieu day khong Idn (S < 2 mm) bdi 
Vi khi do be mat cdt co the’ coi nhir vu6ng goc vdi bd mat cua tam kim loai. 


Khi cac tam kim loai co chieu day ldn hem (S > 2 mm) cin chu y den d6 con cua bd 
mat cat do su trirat vd cua cac vet nut theo mot goc do nh^'t djnh so vdi be mat cua tam tao 
thanh. V'i vay de han che kha nang kich thude cua chi tiet vuot ra ngoai mien dung sai cho 
phep ngirdri la giam dung sai cua chi tiet khi xac dinh kich thude lam viec cua khudn. Khi do 
dung sai cua chi tiet se la A’ = (0 t 6 -s- 0,8)A, trong do A la dung sai danh nghla cua chi tidt. 


Nhir vAy khi cAt dot cac kim loai tam day ngudi ta xac dinh kich thude lam viec cua 
chay va coi theo cong thirc: 


+ Khi cdt hlnh: 

Deni = [D.in" (0<6 + 0,8).A] +Sl (2-21) 

D c h;iy = [D dll - (0,6 + 0,8).A - Z]-8 th (2-22) 


+ Khi d6l 16: 

d, h:(y = [d dn + (0,6 + 0,8)A]_ 6th (2-23) 

d,,,; = [d dn + (0,6 v 0,8)A + Z] +8 ‘ (2-24) 


Dung sai tren cac kich thude lam vide cua chay va cdi thudng duoc lay bang 

(25 -s- ?5)% dung sai tren cac kich thude tuong ung cua chi tidt d^p. Dung sai tren cac kich 
thude cua dung cu (chay va cdi) duoc xac dinh theo c&p chfnh xac. Khi chidu day cua kim 
loai dap S < 3 mm theo cap chfnh xac 8, con khi S > 3 mm theo cap chfnh xac 10. 

Vf du: Xac dinh kfch thude lam viec cua chay va coi khi cat hinh va dot 16. 

Xac dinh kich thude cua chay va cdi de: ddp vong dem co dudng kinh ngoai d ng = 40_ 0 
va dudng kinh trong d lr = 20 +n,2K vdi dieu kien san xuat hang khdi, vat lieu cua vong dem la 
thep tam CT2 co chieu day S = 2,5 mm. 

Xac dinh dung sai tren cac kfch thude cua chay va cdi tuy thude vao kfch thude danh 
nghla cua vong dem va chidu day cua no: 

= +0,027, 5f = +0,023 
SS? =-0,017, 8 Jh =-0,014 

+ Theo bang xac dinh tri so khe hd Z: khe hd nho nhat gitfa chay va cdi: Z min = 0,21 
theo cac c6ng thurc (2-21) + (2-24) la xac dinh cac kfch thude cua chay va cdi nhu sau: 
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+ D6 cit duang bao ngoai <(>40: 

D c = (40 - 0,7.0,34) +0 ’ 027 = 39,76 +0 ’ 027 
^ch~ (39,76 - 0,21) _q fH7 “ 39,55 _ 00]7 

+ D£ dot 16 c(>20: 

^<.K = (20 + 0,7.0,28) _ 0()H = 20,20 _ 0(]l4 
d c . = (20,2 + 0,21) = 20,4 L 

Phuang phap xac dinh kfch thuac lam vi6c cua chay va coi d6 cat hinh va dot 16 hinh 
dang phtfc tap (khong tron) vi ca ban cung gibng nhu doi v6i chi tiet tron. Trong qua trinh 
lam viec, cac thanh phan kfch thuac cua chay va coi hinh dang phurc tap bi mai mon khong 
giong nhau: co thanh phan kich thurcfc tang len, co thanh phan kich thuac giam di nhung co 
thanh phdn kich thuac gan nhu la khong d6i (do co cung hudng mai mon) nhu kfch thuac C 
(hinh 2.20). 

Trong truang hap nay, khi che lao chay coi do chfnh xac hap If va kinh te nhat la lay 
dung sai cua chay c6i bang 1/4 dung sai cua chi tiet. 

5,.eh = °,25.A 

trong do: 5 C - dung sai kich thuac coi, chay; 

A - dung sai cua chi tiet. 

Khi cat hinh cac chi tiet co hinh dang phCrc tap, nguci ta chi thiet ke ban ve coi vai 
nhung kfch thuac lam viec va dung sai tuang ung lien quan den kich thudc cua chi tiet. Con 
khi d6t 16 ngudi ta chi thiet ke ban ve ch£ tao chay. Chay khi ciit hinh va coi khi dot 16 duqc 
che tao theo phuang phap ph6'i hap vai coi va chay 6i co tri so khe ha Z min c6 dinh. 



Hinh 220 , Hudng mai mon cua chay coi khi c&t hinh (a) 
va kfch thuac cua chi titt vai nhung kfch thubc tuang irng cua coi (b). 
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2.2.3. Luc clt va cong bien dang 

Trong qua trinh cdt hinh va dot 15 cSn xac dinh lire cat, dpt, lire day san phdm (phe 
lieu) qua 16 coi va lire go phe lipu (chi^iet) ra khoi chay, cong bien dang. 


2.23,1 . Luc cat hinh va dot lo 

Luc cdt hinh va dot 16 (lire bien dang) phu thupc vao tro lire cat <j c cua vat lieu phoi, 
chieu day v&t lieu S, dp dai cua chu vi cat L, hinh dang va trang thai mep lam viec cua chay 
va coi, khe ho Z, td'c do bien dang va do lun sau cua chay vao kirn loai tai thdi didm xuat 
hien vet nut. 

Co the xac dinh mot each gin dung luc cat hinh va dot 16 bang tich so giira dien rich 
cat F vtfi tro luc cat a c co tinh den cac yeu to anh huong boi he so k - 1,1 -*■ 1,3. 


P = F.a c .k = L.S.a^.k 


(2-25) 


trong do: 

L - chu vi cat (mm); 

S - chieu day vat lieu (mm); 

a c - tro luc cat cua vat lieu (kg/mm 2 ). 

Tir cong thtic (2-25) chung ta thay rang luc cat dpt se cue dai ngay tai thdi diem bat 
dau cat dot khi ma dien tich F cue dai. Nhung trong thirc te luc bien dang thay d6i tir 0 den 
gia tri cue dai sau do giam dan den khi xuat hien cac vet nut. 

Neu gia thiet rang Iren be mat cat xay ra bien dang trupt thuSn tuy, con bien dang 
tuong doi huong ktnh e p phan bo d£u tren chi£u day cua phoi va hudng cua cac true chinh 
trong qua trinh bien dang van khong thay d6i thi cong thirc d6 xac dinh luc cdt hinh va dpt 
16 (tnrdc khi xuat hien cac vet nut) se co dang: 


P x = L.(S-x).t s 


trong do: 

x - do lun sau cua chay vao kim loai; 
t s - 0.58.a* la ung suai tiep Ion nh&'t. 


Khi cdt hinh va dpt 16 a trang thai ngupi, ting suat chay se tang len khi muc do biS'n 
dang tang, lure la qua trinh hoa ben bien dang kim loai. Neu coi sir thay d6i cua o s theo mot 
ham so mu (do Gupkin dua ra): 


a.. - 


1 - *¥ 


pv^py 


l-'pp 


(2-26) 


irong do, la mtfc dp bien dang tuong ung vdi mure dp hoa b£n la ty so cua sir thay ddi dien 
rich cdt: 
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,|. . F„ -I-', S.L-(S-x)L x 
F ( ) SL S 

thl khi d6 cong thuc dS xac dinh life cat dpt co tinh den hoa b<in se la: 



Hinh 2.21. Mure do lun sau cua chiiy. 


(2-27) 


Ph;\n itch cong I hurc (2-27) chung ta thay rang: se l6n tai m6t gia tri Pare tri. Kliao sat 
tai diem cue tri cluing ta co th£ xac dinh dupe lire cue dai khi 

x = S.V|/ P 

Thay vao (2-27) cluing ta e6: 

P m „ = 0,58.o b .L.S 

lloae voi thep t&m cacbon tluVp o L = 0.7.a b ta co: 

P mu ,= 0.83.a c .L.S (2-28) 

COng thuc (2-28) do POpob tim ra. c<3 the’ xac dinh gia tri gan dung luc c;it cue dai 
P mjx (vi da chip nhilm m6t s6 gia lined). Tuy nhien no cung da phan Anh duoc tinh eh At vat ly 
cua qua trinh va chi ra ring lire cat dpt cue dai khi chav da lun s3u vao pliOi mpt tri so xac 
dinh mi\ khong phai thPi di£m ngay khi bat di\u bien dang, luc mil chieu day cua no lit lan 
nhat. 

2.23.2. Luc day-gu sdn phdm va phe lieu 

Khi cit hinh vai khe ha nho chi tiet (hoic phOi) vAn nam trong coi con ph£' li&u van 
bam chit vao chav. Do bien dang dan hoi sinh ra cac ung suit titfp xuc o }V va (7 jVh , nhfrng 
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ung suit nay gAy ra ting suit ma sat phai sinh khi day san pham ra khoi c6i va go phd' lieu ra 
khoi chay (hinh 2.22). 



Nhir vdy a hanh trinh lim vide chay khong nhung c£n phai thing luc cat dot ma con 
phai thing ca lire ma sat F c< „ do sir djeh chuydn lining d6i cua chi tide (ph6i) trong coi va luc 
ma sat F ch tren bd mat tidp xuc cua chiv va phi lidu. Khi do luc cua may ep se la: P = P^ + 

^ ^chiiy 

(1 hanh trinh ngircrc lai (diu truot di Idn) chiy chi cin thing tro lire ma sat go phe lieu 
ra khoi chity F th . Nhu vay 6 hanh trinh lam vide tdng cua (F cPl 4- F tfhiy ) duac goi la lire d;iy: 
P Ui iy = F c <si + F ch > lV con kilt ddu trtrot di len luc go P p -,= F ch<iv . 

Vide xae djnh dugc luc day va go cho phep tinh loan chinh xac dugc nAng luong cua 
qua trinh cit dot va co dugc nhting so lieu cin tliiet dd linh loin v£ do ben va <16 ci'rng cua 
ede chi net khuon (co cAu go va 16 xo, ao chay va cac chi tidt kep v.v...). 

Neu coi pile lidu chi tiep xuc v6i chiy v6i chieu cao h (hinh 2.22) thi c6ng thtic xac 
dinh lire gd se la: 

P 8 n= K-L-ha^h 

Gia sir h = 0,3S; p. = 0,2 va o pch * o c 

Ta c6: 

P gP =0,06.LS.a c = 0,06.P, 

Nhu vay luc g 0 bing 6% so voi luc cit d6t c6ng nghd. 

Ndu lire ma sat dat tren be mat tidp xuc cua chay va phe lidu bang luc ma sat dal tren 
bd mat tidp xuc cua chi tid't cat vi ctfi (F th - Fecu) thi luc day se gap d6i lire go: 

Pjay = 2Pgn 
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Tuy nhien do c6 sir uon nhe cua ph£n kim loai da dupe cat nen ting suaft phap c pc tac 
dung lftn be mat tiep xuc giua chi tiet cat va c6i thuc t£' giam di, vl vay ma lire day lPn hon 
luc go khong nhieu va cd the coi: P<Jay w Pg<v 

Ngoai nhung yt'u to tr£n, lire day, gP con phu thupc vao: chieu rPng mach n6i giua cac 
duong bao cat (mach noi cang Ion, luc day, go cang Ion), hinh dang va kfch thupc chi tiet, 
khe ha gitia chay va coi, kha nang dich chuyen cua ph£ lieu dP'i voi chay... Viec xac dinh 
chinh xac nhung anh huong cua cac yeu to nay den luc day, gP la rat kho khan. Vi vay nguPi 
ta thuang su dung cong thirc kinh nghiem de xac dinh luc day, go: 

Paay - K ddy .P c .n - K^ y .P c .h/S (2-29) 

Pg^K^.P, (2-30) 

trong do: 

P L . - luc cat, dot; 

n - $6 chi tiet nam trong coi, n = h/S; 

h - chieu cao phan lam vi£c cua coi; 

S - chi6u day vat lieu. 

Tuy theo chieu day vat lieu, so chi tiet dupe cat d6t dong thdi va ki^u khuon (khuPn 
dan gian hay khuon lien hop) cac he so: 

0,02 ^ 0,2 

Kjjjy = 0,05 0,14. 

Chieu day cua vat lieu cang len thi hP so K d - y , K gll cang lPn. 

2.23.3. Cong biin dang 

Luc bien dang khi cat hinh va dot 16 thay doi theo hanh trinh cua chay (hinh 2.7). Vi 
vay ePng bien dang khi cat hinh va dot 16 dupe xac dinh theo c6ng thtic (2-6) trong do luc 
cat ti'nh theo cong thuc (2-25) ncu chay, coi co mep cat phang va theo cong thtic (2-31), (2- 
34) nP'u chay, coi co mep cat nghiPng. 

Khi xac dinh cPng bien dang de cdt hinh, dot 16 theo cong thirc (2-6b) thi gia tri cua 
hP s6 X tuy thuPc vao chiPu day, loai vat lieu va do cung cua no: X = 0,15 -s* 0,75. Neu vat 
lieu cang day va do cilrng cang lPn thi he so X cang nho. 

2.2,4. Cac phirdng phap giam life bien dang 

DP giam luc bi£n dang khi cat, dPt nguPi ta su dung nhi£u phuang phap khac nhau 
nhu: cat tirng phan theo duemg bao cat; dot bang cac chay co chieu dai khac nhau; cat dpt 
bang chay va coi co mep cat nghieng. Khi cat dPt bang chay coi co mep cat nghieng, qua 
trinh cat khong xay ra d6ng thcri tren toan bP duong bao cua chi tiP't ma xay ra tuan tu giong 
nhtr khi cat tren may cat dao nghieng. Do do luc cat dot co thP giam di (30 -s- 40)%. De tao 
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dieu kian thuan lai cho qua trinh cat d<»i khi do hinh chi£u cua ifing hap luc cdc luc dat tren 
m£p lam viec dupe vat nghieng cua dung cu len plmong ngang cdn phai can bang (met lieu 
nhau) nghla Id cac mep vat cdn phai Jam d6i xurng qua true doi xumg cua dung cu. 



llinh 2.23 . Chav coi co mep cat nghieng. 


Di6u do cho phep goc nghieng cua mep vat chay* cO'i cd live lay Ion hem so vai goc 
nghieng cua luai dao tren may cat dao nghieng (vi ludi dao chi nghieng theo m6t phia). Tuy 
thco dac di£m cua nguyen cOng (cat hinh hay dot 16) ma mep vat nghieng dupe time hien a 
tren coi hay tren chay (hinh 2.23). Khi sit dung cdc m6p vat nghieng se gay ra qua trinh uOn 
phin kim loai tiep xiic voi dung cu c6 mep vat nghieng. Do vay khi cat hinh mep vat can 
dupe lam t-rftn cOi, con khi dot 16 mep vat lam tr£n chay Khi do chi ti£t cat. dot se phAng 
con ph£ li&u se bi uOn cong. 

Khi nghidn ciru cac qua trinh cat dOt bang cdc dung cu c6 mep cat nghieng ngirOi ta da 
dua ra cac cOng time de xac djnh luc cat dot vai nhfmg dang khac nhau cua mep vat 
nghieng. ChAng han khi cat ph6i dufrng kinh D vai cOi dupe vat nghieng hai phia (hinh 
2.23a) thi cOng time 66 xdc dinh lire cat dot se la: 


+ khi H = S: 


P.= 


2 

-.7t D.S.cr c 


(2-31) 
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4- khi H = (0,5 4- DSthi: 


P, = 2.D.S a,.arcos| H - ^ 5S j (2-32) 

Khi dot 16 cac hinh chu nhAt c6 kich thucrc b.c bang chav c6 vat nghifcng hai phfa 
(hinh 2.23b) cOng ihuc c6 dang: 


4- khi H = S: 




P, = 2.S.o c .(b 4- 0.5c) 

(2-33) 

4- khi H > S: 




P, = 2.s.a c .(b 4 - C.0.5.S/H) 

(2-34) 


Khi cat d6t cac chi ti£l (phoi) co difdng kinh 10n D > 250 + 300 mm ta vat lieu day 
(S/D >0.1) ihi phai tinh den vat nghieng mep lain viec cua c6i. So' luqng mep vat (diroi dang 
s6ng chu ky) tus thuOc vao kfch thudrc cua cOi, co the la > 4, ChiAu cao tuong dO'i cua mep 
vdt H/S =14-3, nOu v&t lieu cang day chieu cao urong doi cua mep vat cang nho. 

Trong trirong hop cAt dot nhieu chav 
hoac trong cac khuon cat dot lien hap (phoi 
hap hoac lien tuc) do dai cua cac chay cat 
dot c6 the khOng giO’ng nhau (hinh 2.24). 

Khi do lire cal dot se khOng lac dung dong 
thai va lire cong nghe s£ khOng phai la lire 
icing hop cua tat ca cac luc thanh phdn. Can 
chu y la bO tri cac chay sao cho trung tarn 
ap lire trung voi tarn khuOn (true dau trout). 

2.2.5. Dac diem cua qua trinh cat dot 

vat lieu phi kim loai 

Su khac nhau chu you giura cac t&Yn kim loai va cAc tAm vat lieu phi kim loai dang thd 
soi 1A chung bao gom cac lOp chat dOn (dang giAy. vai v.v...) difqrc ep giura cac lap nhua 
phenol focmandehit. Hetinac la mOt loai vAt lieu phi kim loai, mac dii da dugc ep vdi ap luc 
(110 - 160) MPa 6 nhiet do (150 4- 160)°C nhung cAu true cua no van khOng ddng nhAi vA 
van co nhumg v£t nut t£ vi. Khi tac dung ngoai luc len phoi. nhung vet nut t£ vi nAy tro thanh 
nhung 6 tAp trung ung suAt tai vung bien dang. D6i veri nhung chi lift iluoc ch£ tao tir nhung 
loai vat lieu nAy se nguy hi£m vA se tro thAnh nhirng v£t nut trong quA trinh dap. 

V) vAy doi vd\ cac tarn viU lieu phi kim loai dang tho, soi dac bict la hetinac. ngufri ta 
phai lien hAnli dap voi mot s6 dieu kien bat buOc: vj du nhu to'c do bien dang phai nho (sO 
hanh trinh may ep < 50 hanh trinh/ phut), phai nen phoi trtroc a trong khuOn giura cO'i vA tAm 
chan vdi luc chan Q: 


no 



Kinh 2.24. KhuOn co ehiAu cao chay 
khac nhau de’ giam lire cat. 
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trong do: 


Q = L.S.q 


L - chu vi dudng bao can cat; 
S - chi6u day vat li£u; 


q - ap lire rjeng: 


+ ncu S < 1 —>■ q - (6 -s- 10) MPa 


+ ndu S = (2 - 3) -> q = (15 - 20) MPa. 


Phai tien hanh dot 16 co kich thude nho hon kich thude danh nghia trade, sau do mdi 
ti£n hanh dot lai 16 do cho dung kich thude yeu c£u. 


Phai nung nong cac tain cdS > 1,5 -5- 2 mm den nhift d6 tir (90 -s-120) l, C de nang cao 
chat luong be mat cat va giam tro lue truqt. Viec nung nong co the thqc hien trong cac 16 
dien, cac buong 6n dinh nhiet, cac den h6ng ngoai, giua cac tam duqc nung nong hoac trong 
nude soi v.v... 


Viec dot so bo (dot trude) cac 16 co kich thude 
nho hon kich thude danh nghia thudng duqc thuc 
hien beri cac chay bac (hinh 2.25). Ducmg kmh bac 
dau tien cua chay D b thudng duqc lay trong khoang 
(0,7 -f 0,8)0^ (dudng kmh danh nghia cua 16) Chi6u 
dai cua bac: h b = (0,8 + 0,9)S (chi£u day cua tam). 

Bac din tien cua chay di ddt so bo 16 co 
dudng kmh D b , khi do do su nut vd, n6n be mat cat 
khdng phang nhan. Bac thir 2 cua chay tifi'p tuc cat 
tinh lam sach be mat cat va d6ng thdi lam giam ung 
suat tap trung phat sinh khi xuat hi£n cac vet nut vo 
d giai doan bat dau ciia qua trinh d6t. 

Viec sir dung chay bac (bac ban dau duqc goi la phan 16i pha huy so b6) cho phep 
nhan duqc chat luong mep 16 la t6t nhft, no duqc su dung nhi£u khi dot cac 16 trong cac tam 
vat lieu phi kim loai co tinh gion, dd vo. 

Khi dap cac tam hetinac va tectolit, khe ho giu’a chay va coi thudng duqc lay nho hon 
so vdi khi dap kim loai (thudng \iy bang (1,5 -r 4)% so vdi chieu day vat lieu) con tri s 6 
mach noi giira dudng bao ciia cac chi lift cat thudng lay Idn hon 50% so vdi khi cat dot thep 
cacbon thap, 

De cat dot cac chi tiet tu cac tam vat lieu phi kim loai m£m nhu: cao su, cacton, giay, 
da, amiang v.v... ngudi ta thudng su dung khudn co dang luoi dao, khi do mep lam viftc cua 
chay hoac coi duqc vat nghieng nhu nhftng ludi dao va khong co mep cat doi titfp. 
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Hinh 2.25. Kft cau cua chay d6 dot 
vat li6u phi kim loai. 
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Goc nghieng CX cua luoi dao khi c&i giav. da khoang iir (16 + 20)° con khi cat 
hetinac. tetolit, fcbolit (a irang thai nong) CX = 45°, chay cdi khi do se being ihep v& cd k£t 
ciu thong thudng. 

2.2.6. Dap lien tuc va phoi help (Dap lien hdp) 

D6 nang cao nang suat, giam so nguyen cOng, nang cao dQ chinh xac chi liet. giam s6 
luong ihtct bi va nhan cOng, do do ha gia lhanh san phdin, nguirt ta ihtfcmg ket hdp hai hay 
nhieu nguyen cOng Iren cimg mOt b0 khudn. Qud trinh kei hop nhu vfty gQi \k qua trinh dap 
lien hop. C6 3 dang dap lien hap luy theo each b6 trt va thirc hien cAc buac dap. 

+ Dap phoi hap la vide ihtrc hien hai hay nhieu nguyen cong tr£n ciing mot khu&ii sau 
mot hanh trinh cua may vai mOt l<in dat ph6i (hinh 2.26b). 

4- D4p lien tuc la dang ket hop hai hay nhieu nguySn c6ng tr£n ciing mOt khuon trong 
do cAc nguyen cong duac thuc hi£n m6t each luin tu li£n tuc vai su dich chuyfcn phoi lien 
luc theo buac ciia chay sau mot s6 hanh trinh cua may (hinh 2.26a). 

+ Dap phOi hop - lien tuc (dap lien hap) la sir ket hap ca hai phuong phdp tren. 



Hinh 2.26. CAc dang dap lien hap. 

Vice kei hap giua cac nguyen cOng r&t da dang v& phuc tap: co th£ la cac nguyen cong 
cat vai cAc nguyen cOng lao hinh, giua cac nguyen cOng cat dot, giua cac nguyen cOng c&t- 
dOt va u6n v.v . vice ket hap giura cac nguyen c6ng phu thuOc vao hinh dang va kich thude 
chi tiet dap, mure do bien dang cho phep ciia nguyen cOng v.v... 
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Khi dap phoi hap sau m6t hanh trinh lam vi£c cua may ta nh£n duac chi tiet (ph6i) 
hoan chinh, cac budc d$p (nguy6n cong) co the dupe thuc hien trong ciing m6i thdi di^m 
hoac trude sau theo trinh ur nhirng a cung mot vi trf cua khuon (khong co sir dich chuyfcn 
phoi giua cac buac). Do vay khi dap ph6i hap, d6 chinh xac ve vi trf urang doi cua chi tiet 
cao han so vdi dap lien tuc do kSt cau cua khuon phoi hop loai trir duac khi nang dich 
chuy6n cua ducrng bao ngoai doi vdi dudng bao trong cua chi tiet dip. Ket cau cua khuon 
phoi hap phuc tap nhung nho gon han so vdi khu6n lien tuc. 

Khi dip lien tuc, cac budc dip duac thuc hien ri£ng le bai cac cap chay coi duac bo tri 
tuin ur tir vi tri nay ddn vi tri khac (trong cung mot khuon). Do vay phai co su dich chuyCn 
phoi tir vi trf cua budc dap nay den vi trf cua budc dip khac va sau mdt so hanh trinh lam 
vise cua may ep chung ta mai thu duac mot san pham (ph6i) hoan chinh. 

Dip phoi hap thuemg duac ap dung de che tao cac chi tiet co dung sai do l£ch tam nho 
va co yeu cdu cao ve dd phing nhung viec chd tao khu6n phuc tap han, khd'i lirang lao dong 
lcm han so vdi khi che tao khuon lien tuc (doi vdi cung mot chi tiet). 


2.2.7. Hinh dang ket cau cua coi va chay 


2,2JJ. Hinh dang ket cau cua coi 

Ket cau 16 lam viec cua c6i d6 c<U hinh va dot 16 tuy thude vao chi^u day cua vat lieu 
chi tiet dap {hoac phoi), tuy thude vao hinh dang kfch thude, yfiu cau dd chinh xac, dang san 
xu{ft va nhidu yeu to khac. Cac dang khac nhau cua 16 lam viec cua edi duac neu ra tren hinh 


2.27. 




Hinh 2.27. Cac dang ket ciu cua 16 c6i. 


Coi co ket ciu nhu hinh 2.27a co mot phan lam vi6c hinh lang tru duac sir dung de 
dap cac chi hinh dang phirc tap hoac y£u ciu do chfnh xac cao. Chidu cao phSn lam viec 
h = (3 -^15) mm tuy thude vao chiiu day ciia phdi tuang ting tu 0,5 + 10 mm. Goc con cua Id 
thoat c6i a = (3 -s- 5)° d^ dam bao 6n djnh kfch thude ciia chi tiet dap sau khi day qua 16 coi, 
tuy nhien tuoi tho cua coi khong cao. 
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Cdi co ket ciu nhu hinh 2.27b dung dC cat dot cac chi tiet nho va trung binh, hinh 
dang dan gian va do chfnh xac khong cao. Coi co Id hinh con tren toan bo chieu cao cua cdi 
voi goc con a = 30' + 1 () 30\ Loai ket cau nay khi mai lai coi (d6 lay mcp sic) se lam cho 


kfch thudc cua 16 coi tang len (neu mai di 3 mm thi kfch thiftte cua 16 coi tang len 0,1 mm), 
goc c6n cua phan lam viec co the ter 15’ 4- 1°, nidi tho cua cdi cao han so veri loai tren (hinh 


2.27a). 


Cdi co ket cau hinh 2.27d co phin lam viec la hinh tru va 16 thoat dupe md rong, dupe 
su dung de c&t dot cac 16 co dirdng kinh D < 40 mm chidu cao phan lam vice h > 3 mm. Ndu 
chieu day vat lieu dap cang tang thi chithi cao h cung tang len. Dudng kinh phan 16 thoat co 
the lorn han dudng kinh phan lam vice den 3mm, ket c£u 16 lam viec cua cdi nhu 0 hinh (2- 
27a) va (2-27d) co the’ lam nghieng (hoac c6n) voi goc con nho A tu^ ihuoc vao chieu day 
vat lieu va chieu cao h. 


Khi S < 0,5 thi h = (3 -s- 5) mm va A = 10’. 

Khi S = 0,5 -5- 5 mm thi h = 5 + 10 mm va A = 20\ 
Khi S = 5 -r 10 mm thi h - 10 h- 15mm va A = 30’. 


2.2.7.2. Hinh dang ket cau cua chdy 

Ket cau phan lam viec cua chay cung co nhung dang khac nhau tuy ihuoc vao hinh 
dang va kfch thuac chi Liet (hoac 16 dot), tuy thuoc vao chieu day vi\t lieu d^p, dang san xuat 
(hang loiu hay dan chicc), y6u cau ve d6 chfnh xac cua chi tict (hoac 16) ngirdi ta thirfmg sir 
dung mot sd dang ket cau phSn lam viec cua chay nhu sau: 



Hinh 2.28. Ket can phan lam viec cua chay. 


Chay co kei cau phan lam viec nhu hinh 2.28a la dang don gian nhat va dupe dung 
ph6 bicii han ca. Khi dudng kinh chay d > 50mm nguoi ta co the khoet 16m phan mat d&u 
cua chay de d£ dang mai lai (hinh 2.28b). 
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Chi6u rpng b = 2-^5 mm cin phai Ian han chifiu rOng cua 6 bien dang xuSt hien trong 
qua trinh cit dot. 

D£ trinh bi nth do ring suit nhi£t trong qua trtnh nhi£t luyfcn nguai ta thufrng lam ch&y 
c6 16 r6ng a giria nhi't la cac chiy co ducmg kfnh Ion. 

Khi dot cic 16 ir£n cdc tiVm day (S > 8 mm) can phai chu y giam luc thao go san phim* 
khi d6 chav dupe lam con (nghieng) vai goc c6n nho A = 30’ 4- l" (hinh 2.28c) va khi cin 
giam lac ddy san pham (hoac phe li£u) qua 16 coi hoac khi dot cac 16 thco cac dflfu da khoan 
sin (vi du nhir trong san xuit loat nho) nguai ta ihudnglam chay co g6c cOn ngupc voi goc 
cOn A = 1° vi c6 phdn ch6p non a mil diu cua chay (hinh 2.28d). 

Khi dpt 16 nho iren cac ph6i day thufrng xuat hien nhumg ring suit nen Irin. co the* vupt 
qua girii han cho phep giy ra mil 6n dinh chay va c6 th i din den bj pha hny. Viy diCnt cot 
loi khi nghien criu ktft ciu cua khuOn 66 dot cac 16 urong d6i nho li dam bao do 6n dinh cua 
chay. D6 dal duoc yfcu ciu niy cin phai din hu6ng cho chay tren loan bo chiiu dai durii 
dang ong I6ng (hoic li inOt b6 chot hoic la 6ng d£m). Tuy theo dieu kiCn dip, tu6i tho cua 
chiy (truce khi mai lai) c6 the dat 50.000 -s- 100.000 nhai neii chiy duoc ch£ tao bang thep 
cacbon dung cu, nc'u chay dirpe ch£ tao bang hap kim ctfmg thl co th 6 dat l.000.000 nhat va 
Ian han. 

Ktft ciu cua khuOn da dot cac 16 nho (d < S/3) va bO phin din huPng chay dupe bidu 
di£n tr£n hinh 2-29. 



Hinh 2.29. KhuOn co din hudfng liSn hap de dot cac 16 nho (a) 
va b6 phin din huong chiy (b). 
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DiOm dac bipt cua khuOn nay la loan bp 
cbi£u dai cua chay diTdc nim irong bac din 
hudng va bac nay tao ra luc chan xung quanli 
mep cua 16 dpt nhd c.lc 15 xo nen. vipc gifr On 
dinh phdn phia Iren cua chav I nhd 3 miPng 
dpm 2 con phin phia dudi cua chay dirac dan 
hudng nhif 16 cua bac xe ranh s 6 3, bac nay 
dugc kep cung trong ttfm din hudng dong ih5i 
la lam gd 4 va duoc ep l6n phi a iren khi lam 
vice vdi kPt ciu nay, vice din hudng chay irong 
suot thdi gian lam vjfcc se sinh ra trang lhai ung 
suat khoi (nen 3 chieu), do do lam tang dp ben 
cua chay dpt m6l each dang kP. DP co thP din 
hudng duoc i5i hem va thu$n Igj hen khi mai 
cPi, tru dan hudng cua khu6n duoc kep l£n dtf 
khuOn trPn. Hinh dang cua 16 dot diet dipt! 
ngang cua chay) khong chi cd illP la iron ma co 
ih 6 la vuong hoic lam giac v,v... (hinh 2.30). 

2.3. CAT HINH VA DOT l6 CHINH XAC, GOT TRONG KHUftN 
2.3.1. C6t hinh va dot 16 chinh xac 

Trong cOng nghiep chf tao may, cung nhu trong c6ng nghiep chP tao cac dung cu do, 
dPng h6. iliudng y£u cau phai ning cao chat Urgng be mat cat vi dp chinh xic cao v£ hinh 
dang va kich thude chi tiPt cat dpt, nhiti la drti vdi cic chi tiet piling. Y£u ciu dp chinh xac 
kfch thude tuang ung cip 8+11, c6n dp bong bi mat ben (mat cit) trOn loan bp chiPu day 
tuong ixngvdi R d = 2.5 +1,25 pm dOi vdj thep va R u = 1,25 + 0,63 pm dPi vdi kirn loai mau 
(thco rOCT 2789-73). 

Trong sail xuai hang loat Ion va hang khoi, phuong phip hieu qua nil it di chP tao ck 
chi tiet piling thoa man diroc cac y£u ciu neu tr£n la sir dung ck phuong phip cit hinh v& 
d6t 16 chinh xac hoac la nguvSn cong got trong khuOn. 

Sir dung cac phuong phap nay co the lhay the cho ck phuong phap gia c6ng co va die 
bi<M la ning cao ning suit lao dpng, giam phP lipu kim loai v5 ha giii thanh san ph&n. 

Hipn nay phuong phap cat hinh vit dpt 16 chinh xk duoc sir dung rpng rai nhit la 
phuong phap sir dung chay cPi co khe ho giira chung rtft nho va co chan phdi irirdc khi dap. 

Dac diPm cua phuong phdp nay la ph6i trude khi cat dot duoc nen vdi ap luc Idn ngay 
sat 6 bien dang bdi vong gdn hinh nOm tr£n tarn chan cua khuOn (hinh 2.31). Khi do ung 



Hinh 2.30. KhuOn cd din hudng lien 
hop do dpt cac 16 nho, tiOt dien chu 
nhat Vi tam giac. 
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suit tiep lap trung a 6 bten dang sc lam tang cic thanh phin tenso ung suit cau. do do tinh 
dec cua kim loai dirge ning cao. 




Hinh 2.31 . Phin lam vice cua khuPn cil hinh chinh xac. 

Vice tdeh phan phoi nay ra khoi phin phot khac chi la do sir irirgt dtrPi lac dung cua 
ung suit tiPp, diPu do cho phep nhAn dugc chi ttet co d6 chinh xic kfch thuoc va dp nhin be 
mil ben ril cao. 

NguyCn If cua qua tnnh biPn dang deo khi cat hinh va dpt 16 chinh xac cho den nay 
vSn c-hua dugc tighten cuu mot each diy du. NhXhig co so khoa hoc dirge dua ra doi vdi 
nhung phuong phap nay con rat it, chi co nhung so lieu nhan dugc ttr thuc nghtem va iron co 
so sir dung nhung kinh nghiem san suit. 

Trong khuon cat hinh vA dpt 16 chinh xac (hinh 2.31) vanh chan 3 co gin hinh nem se 
ep phPi vac cPi 1. kin d6 vanh gin hinh nCm bi ep vao trong phPi, sau d6 chiy 4 se cat chi 
tiPt va day n6 vao trong cPi 1. day 1 in dugc chay dpi ip 2. Khi dau trugt di ten. phe Iteu dugc 
day ra khoi chay cat 4 boi vanh chan 3, chi tiet dugc day ra khoi cPi I nho chiy day 2 va roi 
ra khoi viing lam vice cua khuon. Ung suit nen phap tuyPn dugc tao ra boi vong chan 3 cin 
phai Ion hon giPi han chay cua vat lieu phot. 

Cat hinh va dpt 16 chinh xac dugc thuc hien tren cac may ep tu dong co dan dong co 
khi vdi lire ep danh nghla 6,3 MN de dap cac chi tiet c6 chteu day 16 mm va din dong bang 
thuy lire, luc £p danh nghla ten den 25 MN de dap cac chi ttet c6 chiPu day ten den 40 mm. 
Dac dtem cua cac may ep ttr dong nay la chting c6 th£ tang din luc cin thiPt 66 chan phPi va 
Pp vault gin vao trong phPi truoc khi cat. dac biet la luc cat va luc dtfi ap 66 ep chi tiPt vio 
trong cPi va sau do day chi ttet ra khoi cPi. Truong hop khong co may tu dpng 66 cat hinh va 
dpt 16 chinh xac thi c6 th£ sir dung may ep co khi van nang cai lien, co trang bi cac thiet bi 
thuy luc de’ chan phPi vi tao ra cic luc dPi ip trong quA trinh dap 
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Luc tong cdng hay luc ep toan phan cua may P dung de cdt hinh va d6t 16 chinh xac 
co nen phoi lan han so vdi khi cdt dot kh6ng co nen ph6i trude, khoang tu 1,65 ^ 2,25 Ian. 

Phuong phap cdt hinh va dot 16 chinh xac thiremg dupe su dung de dap cac chi tiet 
bang thep ket c&'u va thep hop kim thap, cac chi tiet bang ddng thau, d6ng do ky thuat dien, 
nhom va hap kim nhom. Tuy theo chung loai thi6't bi va luc ep danh nghla cua no, viec cdt 
hinh va d6t 16 chinh xac co the" thuc hien duac vdi nhung chi tiet co kich ihudc nhtft dinh. VI 
du may ep tir d6ng co lire danh nghla 4 MN co the d£p duac cac chi ti£t bdng thep cd ldn va 
trung binh vdi chieu dai 250 + 300 mm va chi£u day vat li£u S < 10 mm; may ep tu d6ng 
25 MN co the dap duac cac chi tiet ldn va trung binh vdi chilu dai 800 mm va chi6u day v&t 
lieu S < 40 mm. 

Trong cac khuon de cdt dot chinh xac, vong g^n hinh n6m duac lam trude tren be mat 
ciia tarn chan cho tat ca cac loai chieu day phoi (hinh 2.31) khi dap cac lam kim loai day 
(S > 4 mm) g^n hinh n6m co the' duac lam a ca tren hi mat cdi. 

Rich thude va hinh dang toi uu cua gan da dupe xac dinh bdng thuc nghiem (nhu tr6n 
hinh 2.31) cac tri so h, b va c tuy thupc vao chieu day vat lieu. 

Neu hinh dang cua dirdng bao chi tiet dap dan gian (iron, ovan...) thi gan duac bo tri 
tuang urng each d6u duang bao cua chi tiet, Neu hinh dang cua chi tiet phire tap thi gan edn 
phai lugn cong a cac goc. Khi dot 16 chinh xac dirdng klnh cua 16 can phai ldn han 4 ldn 
chieu day ph6i va gan dirge lam tr£n lam ddy phe' lieu. 

Dc giam momen u6n khi cat hinh va ddl 16 chinh xac thi khe ha gitfa chay va coi 
thirdng rat nho (hoac gan nhir khong co khe ha). Gia tri cua no thudng duac xac dinh theo 
cong thuc thuc nghiem: 

Z = 0,01.s +Az 

trong do: 

Z - khe ha 2 phla; 

AZ - sai lech gidi han, khi S tang thi AZ tang: 
vdi S = 2 mm thi AZ = 0,005 mm; 
vdi S = 12 mm thi AZ = 0,03 mm. 

Phan lam viec cua 16 coi khdng lam goc nghieng (hoac c6n) bdi vi sau khi dap phai 
day ngugc chi tiet ra khoi coi. Mep lam viec cua coi edn phai dugc lugn tr6n vdi ban kfnh 
lugn nho r c = (0,1 -5- 0,6) mm khi S = (2 ^-12) mm hoac lam cun vdi goc nghieng nho. Viec 
lam cun mep cdt (hoac hrgn iron) chi thuc hi6n a mot mep lam viec: khi cat hinh thi lam cun 
mep cua coi, con khi dpt 16 thi lam cun mep cua chay. Mep cdt con lai can phai sdc nhon de 
tranh tao thanh ba via. Viec lam cun mep cdt se lam giam sir tap trung urng suat va bitfn dang 
phat sinh gdn mep lam viec cua dung cu. Do do su truot vd cua cac vet nth xuat hien khi 
chay lun s&u vao trong kim loai con ldn han la khi dung cu cdt dot co mep cdt sdc nhon 
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(hoac hoan loan khong xutft hi£n) khi do chi6u cao cua dai sang tr£n chi£u cao cua mat cdi 
se tang len, 

C6i va vanh chan c<5 gan hinh nem edn phai c6 phan lap ghep hinh con v6i goc c6n 
nho 0 n 30\ di£u do Id edn ihiet kep chat chung trong khuon va tarn chan. 

Ngoai phuong phap cat hinh va dot 16 chfnh xac co cp phOi cue bo trirOc khi cat a tren 
nguai ta con sir dung m6t s6 phuong phap khde: cdi hinh bang chav \6n hon cO'i (hay con goi 
la cat hinh vdi khe ho am), cat hinh chfnh xac voi mep cat cong. 

Ban chat cua phuong phap nay cung nhu phuong phap tren \k c 6 I in h tao ra su nen 
khong d6ng d£u a 6 bi£'n dang deo lam tang tinh deo cua vftt lieu phoi cung voi vice su dung 
lire ma sat liep xuc d£ lam bang phdng va nhdn bong b£ mat cat cua chi tiet. 



Hinh 232. Phuong phdp cdt hinh chmh xdc: 
a. chav 1cm hon coi; b coi co mep cong. 

Khi cdi bang chay Ion hon c6i (hinh 2.32a) chay khOng the chui vao cOi md each mat 
phang c6i mot kh.oa.ng (0,1 * 0,15) mm, khi d6 luong Ion hon cua chay so vdi coi (m<)t phia) 
la b edn phai dam bao sao cho a cac phan thing cua du&ng bao b = 0,1 S con 6 cac g6c 
b = 0,2$. 

Khi cdt hinh chfnh xdc bang c6i co mep cong (hinh 2.32b) khc ho giura chay va c6i rat 
nho (Z = 0,01 + 0,02 mm) va khOng phu thuOc vao chi£u day vat lieu. D£ tao ra ting suai nen 
khong d£u lai 6 bien dang va d£ dang day sail phSm vao trong c6i, mep lam vice cua c6i 
duoc I iron iron vdi ban kinh r = Z/2. 

Khi cdt cac vat lieu day S < 6 mm, ban ktnh lupn ciia cdi co the lay: = (0.25 - 2) 
mm va chieu cao cua phan lam vi£c cua c6i edn phai dam bao h = 2.S. g6c cOn cua 16 thoal 
cdi lay bang (1 * 2)° (cho m<H phia). 

De nhdn duoc duoc chi lift c6 do chfnh xac cao, can chu y den bien dang dan h6i cua 
chi net. thudng sau kin cdt ktch thuoc cua chi tiet tang til (0,02 -s- 0,06) mm. 
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De dot cac 16 chinh xac, be mil 16 nhdn bong va vuOng g6c vOi be mat vAt lieu, ngirfri 
ta thirang sir dung cac loai chay dot co ket cAu dac biet 6 phAn ddu cua chay nhir: chay bAc, 
chav cOn, chay co lirgn cong mep cit, chay hinh ch6p non hoAc chay co mep cAt nhieu bAc 
de dOng thdi dot 16, got va tmh chinh 16 (hinh 2.33). 



Hinh 2.33. Ket cau cua chay de dot 16 chfnh xac: 
a) chay bAc: b, c) chay cOn; d) chay hinh non; 
e) chAy nhieu bAc de dOng that dot 16, got va tinh chinh 16. 

Nhfrng phtrang phap nay dirge sir dung de* dpt chinh xac cac 16 co duOng kinh d = (12 
* 15) mm trong cAc chi tiS't bing kim loai mau va thep mem v6i chieu day S = (0.8 -r 3)mm 

Nhiroc diem cua cac phixang phap nay la mep cit phdn lam vipc cua chay thirOng rat 
nhanh m&n va khOng the’ mai lai chay. 

Khi dot ede 16 co dudng kinh d > 3S tir cac chi tie't bing nhOm. duyara m6m hoAc thep 
mSm ngircti ta dung chay dpt c6 ban kinh lugn 6 mep cit vdi r ch = (0,3 -f- 0,5)S. 

Khi dot cac 16 nho (d < 3S) tren chi tiOl bang d6ng hoAc dOng thau, lO't nhA't la dung 
chay c6 goc nOn a = 12°. 

Chay c6 ket cfliu hinh cOn (hinh 2.33b. c) dugc clung de* dot thep hop kim thA’p va khi 
do chay con co the mai lai dirac. 

Tirang tu nhir khi cAt hinh, khi dot 16 chinh xAc, khc ha giira chay va cO'i cho tat ca ede 
trirang hap deu I Ay rAt nho vdi Z = (0,01 * 0,02) mm, do bong be mAt 16 co the dal dirac 
R, = 0,32- 1,25 pm. 

Ngirai ta cung c6 the ket hop cat hinh vA dot 16 chinh xac tren mOl khuOn. Khi cit 
hinh va dot 16 chinh xAc lire cOng nghe cAn thi£t thirang lorn han tir 2^-2,5 lAn so vai khi cat 
c6 iri s6 khe ha tOi iru. 
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2.3.2. Nguyen cong got (c^t tinh) 

C6ng clung cua nguven cong nay Id nhdm nang cao <\6 ctu'nh sac Rich thirtfc nhung chi 
tie! da diroc gia c6ng vd ndng cao chat luang mdl ben cua chi tiet hodc 16 sau khi cat d6l 
thong thuang. Kfch thuOc cua cac chi net hoac 16 co thd got thufcng khOng 16n hon 150 - 
200 mm vai chi£u day vAt lieu 3-5-4 mm. Vtec got cac chi lift Ion hon thuang co kho khAn 
khi che tao khuOn. Khi got cac chi net day S = 8 10 mm thuang phai thirc hi£n sau mOt vai 

nguven c6ng. Do nhdp nho be mat sau khi got R a = 0.32 -s* 1,25 pm khi chiiu day S < 3 mm, 
con khi chi£u ddy S > 3 mm tht R a = 1,25-5- 2,5 pm do chinh xdc kfch thudc luc do c6 thf 
dal cap 8-s-ll. 

Nguyen cong got cung co th6 sir dung c\6 got cac chi lift bang kim loai va hop kim 
mau nhir: d6ng, d6ng thau, nh6m . hoac cdc chi lift bang thcp cacbon iluVp, thcp chong an 
moil vd hop kim titan. 

Chi£u rOng cua Idp kim loai duoc got ra luon luon phai nhd hon chitiu day cua phoi, 
nguven ly tach cac phdn nr kim loai trong qua trinh cal got khac vdi khi cat hinh va dot 16 
thong thirdng. Qua trinh cat luang ihr dudi dang phoi xay ra mOt cdch tuAn ttr (din dan) cung 
vdi sir dich chuy6n chay lien tuc cho dfcn khi hot chiSu day phoi, con khi cdt dot thOng 
thuang thl qua trinh cat Id do sir truot vd cdc vet nut. 

Tuy theo qud trinh got ihco dufrng bao ngodi hay dirdng bao trong (cdt hinh hay dot 
16) ma mep lam vifcc (mep cdi) cua dung cu c6 th6 la coi (hodc chav) (hinh 2.34). 



Hinh 2.3-/. So do got bdng khuOn theo bien dang ngodi (a) va got 10 (b): 

1. chay; 2. chi tiet (16); 3. coi 

Nguyen cftng got duoc su dung chu yeu trong cong nghifcp san xudt ddng ho. dung cu 
do thay cho phuong phap gia cong ca. no lam guim bin nhOng kh6 khan khi che tao nhung 
chi tiet. nhai la cdc chi tiet nho, chdng han no c6 the- thay the cho vjec phay cac banh rang 
vai duOng kinh 26 mm vd chi£u day 2 mm. No c6 the glam c6ng lao dong va ndng cao duoc 
chat luang bC ; indt. 
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Ngofti ra, nguyen cPng got con c6 thd khir dirge (tach ho dirge) 16p bifti curng phan bo 
iheo duong bao cua clu lift hoac 16 khi cat dpi thPng thuong ma sau do phai ihire hien 
nguyen cong tao hinh. Chang han khi len vanli 16, ndu khir bo dirge lop bien cling do dPi lo 
ihPng thudng ihi co the’ nang cao dirge mire dP bien dang gi6i han. 

Lirgng du dd got cac chi liO't hoac 16 sau khi cal hinh va dot 16 thong ihirang: Cac bd 
mat cat ihirang luPn luon co dang con (hoac nghieng) so voi bd mil vat lieu v) vay kfch 
thude tiei ditn ngang cua chi lift hoac 16 thuOng cP gii tri khac nhau; kich thuPc ngang Ion 
nhat cua chi lift (hoac 16) bang kich ihiroc lam vide cua 16 coi. D m# * = D ci>i . con kich tluroc 
nho nhat bang kfch ihtrdc lam viec ciia chay D mm = D ch yy va hieu s 6 cua chiing chfnh la tri 
so khe ho tPi iru hai phia Z giua chay va cPi Z 2phlu = D m4X - D mm . 

Do co thd nhin duoc chi net hoac 16 co bd mat bOn (mat cat) song song voi nhau va 
vuOng gPc voi b6 mat vat hOu, nghla la kfch thuoc cua chi lift (IP) gidng nhau trOu loan bi> 
dirdng sinh ciia mat cat thi cin phai got do cat bo phan kim loai tao ra mat cPn voi chidu 
rong Ion nhat Z/2 (hinh 2 35). Tuy nhiOn nOu chi got voi lugng du nhu viy thi se khPng thd 
tao ra dugc bd mil cdi nhin bong iron loan chidu day phPi, dac biet la 6 chP mep ciia 16 
(hinh 2.35 diOm a). 



Hinh 2.35. So do phan bo’ lugng du do got. 


Chinh vi vay lugng du mPt phfa do got A/2 can phai Ion hon tri sP Z/2 niPt lugng la 
y/2. do dp: A = Z + y. 

trong d6: 

A - krong du loan phdn (do got 2 phfa); 
y - lugng du dd got bP sung cho 2 phia. 

Tri sP cua y phu thuPc vao loai vat lieu, chidu day vft liOu va hinh dang duong bao 
cua chi lift. Khi got kim loai co thd hVy y = (0,1 * 0,6) mm, con khi got hOtinac va tectolu 
co the' lay y = (0,2 * 0,5)S. 
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Khi got cac 16 c6 dircfng kinh khong Ion (d < S) thi luqng du de got sau khi khoan la 
(0,15 -s- 0,2) mm, khi got nhicu lan thi luqng dir t6ng cong di got la: 

A = y.(0,7.N + 0,3) + 2 
trong do: N - so nguyen cong got. 

Lire de got tuy thuoc vao chu vi cua ductng bao can got, chieti day vat lieu, dac trirng 
ve do b£n cua kim loai va luqng dir got. Khi xac dinh luc de got chi tiet (got iheo dudng bao 
ngoai) can chu y den luc d<l!y chi tiet (da duqc got) qua 16 lam viec cua coi. Do vi£c nghi£n 
ctiu ly thuyet cua qua trinh got chua hoan chinh n£n lire got tdng cong co the xac dinh mot 
each g£n dung theo cong thtic thuc nghi£m: 

PgcH = L <T t {A + (0,15 0,2).n.S} 

trong do: 

L - chu vi dudng bao got (mm); 
n - so chi ti£i n£m trong coi got; 
ct c - tra luc cat; 

S - chi£u day vat li£u; 

A - luqng dir got t6ng cong. 

Mot each g£n dung co thi coi: 

P F ot = 25%.P c $ t|ll0 , 

Khi thuc hicn cac nguyen cong c&t, dac biet la khi cdt hinh va dot 16 chinh xac, sir mai 
mon cua chay, coi co the giam di (2 + 4) ktn, neu dung thiet bi cong nghe boi tron va lam 
nguoi dac bidt (COTC) so vefi khi dung dau c6ng nghiep 45. Thanh phan cua cac chat boi 
tron va lam nguoi dac biet nay co thi khac nhau va bao gom cac loai sau: XC147, XC163 va 
XC164, cac chat boi tron nay co do bam dinh cao va din nhiet tot, 

2,4. XEP HINH SAN PHAM 

2.4.1. Ch? tieu kinh te cua viec xep hinh 

Trong cong nghe tao hinh tam, chi phi ve nguyen vat lieu cua chi tiet ihucmg chi£m 
khoang (50 * 70)% gia thanh cua san pha’m. Vi vay phuong phap hieu qua nhat di giam gia 
thanh sail ph&m la sir dung kim loai sao cho tiet kiem nhat, giam phe lieu d£n muc thiYp nhat. 
Neu giam diroc 1% khoi luqng phe li£u thi gia thanh san phdm co the giam (0,4 -s- 0,5)%, do 
do van de xep hinh san pham sao cho toi uu lu6n luon duqc dat ra veri moi chi tiet dap. 

Xep hinh san ph^m chinh la sir xiip xep cac chi tiet phbi tren U'm, tren dai hoac bang 
sao cho co hieu qua nhftt. 

He so sir dung vAt lieu K s la ty s 6 giua kh6i luqng cua chi tiet va dinh mure tieu hao 
vat lieu khi che tao no. 
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He so xep hinh K x bang ty so giura khoi luong cac chi tiet nh&n dude tCr mot phoi 
(tam, dai) vdi khoi luong cua phoi ban d£u. 

Neu coi chi£u day cua chi ti£t dap tir tam khong thay doi va bang chi6u day cua phdi 
tam thi he so sir dung vat lieu K s co the coi nhu la ty s 6 gitfa di£n tich tat ca cac chi tiet 
diroc dap ra tir phoi ta'm n.f vcti di£n tich cua tam phoi B.L: 

K s = n.f/(B.L) (2-35) 

trong do: 

f - dien tich cua mot chi tiet; 
n - so chi tiet cat duoc tr£n ta'm; 

B va L - chieu r6ng va chidu dai cua tam. 


Neu trong chi tiet co cac 16 dot thi dien tich chi tiet khi do se bang (f - f u =) 


K s = 


BxL 


(2-36) 


trong do: 

f - dien tich chi tiet theo dudng bao ngoai; 

- tOng dien tich cua ta't ca cac 15. 

Tuong tu nhu vay chung ta co he s6 x£p hinh chfnh la ty so giua dien tich cua tat ca 
cdc chi tiet (tinh theo dudng bao ngoai cua chi ti£t kd ca diOn tich 16) vdi dien tich cua phoi 
tam: 


K x = n.f/B.L 

Nhu vay co the d6 dang tha'y rang khi chi tifi't khOng co 16 nghla la flo = 0 chung ta co: 

K s =K x = n.f/(B.L) 

Neu he so xep hinh K x phu thuoc vao hinh dang dudng bao ngoai cua chi tiet va su bo 
tri chung tren tam, thi he so su dung vat lieu K$ ngoai nhfrng y£u t6 tren con phu thuoc vao 
su co mat cua cac id trong chi tiet. 

He s6 sir dung kim loai la chi ti£u chfnh d i danh gia mot phuong an su dung kirn loai 
co hieu qua hay khong cung nhu su danh gia tinh c6ng nghO cua chi tiet dap. Neu he so su 
dung kim loai cang ldn thi tinh kinh t£ cua phuong an xep hinh va tinh c6ng nghe cua chi 
tiet dap cang cao. 


2.4.2. Cac dang xep hinh vat lieu va tinh vi/c sur dung 

Ngudi ta chia cac dang xep hinh vat lieu thanh 3 loai tuy theo muc do phe lieu nhieu 

hay ft: 


+ Xep hinh co phd li6u, 

+ Xep hinh ft phe lieu, 

+ X£p hinh khdng co phd li£u. 
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Khi xep hinh c 6 phe lieu chi tift hoac ph 6 i thudng du :ac cat theo dudng hao kin. Khi 
do giura cac chi tiet va giCra chi lift vdi mep dai hoac ta'm deu co mach noi (hinh 2.36a). Vice 
xep hinh co phe lieu theo toan bo dudng bao chi tiet thuemg dugc sir dung khi dap cac chi 
tiet co bien dang ngoai phan Ion la dudng cong va yCu cau co d 6 chmh xac cao. 

< Mach ndi cung dirge chia thanh 2 loai: mach ndi giua cac chi tiet a, va mach nd'i ben 
la khoang each giua mep chi tift vdi mep phoi t&Yn hoac dai, a. Tri so cua mach nfii ben a 
cuy thuoc vao hinh dang cua chi tiet va chieu day vat lieu, tri s 6 nay thudng ldn hon (1,15 + 
1,3) lan so vdi tri s 6 mach noi giua cac chi tiet a t : 


a = (1,15 - l,3)a, 

S a di nhir vay la de de phong sai lech kich thude cua dai ve chi£u rdng (trong giofi han 
cho ph 6 p) va kha nang canh b£n cua dai (tarn) khdng thang. 

Trj so cua mach noi anh hirong den he s 6 sir dung vat lieu: K s , do chmh xac kich 
thude cua chi tiet cat va do ben cua chay, cdi. Neu tri so mach n 6 i cang Ion thi h£ so K s 
cang nho va do do phe li£u se cang nhieu. Nhung tri so mach noi cung phai du lan de dam 
bao do cirng vung, ncu tri so mach noi qua nho, do ctfng vung cua chung kh 6 ng dam bao, bi 
mat 6 n dinh va cd the bi ket trong khe ho giira chay va coi, do do lam giam do b 6 n cua chay 
coi va cung co the’ dan den pha huy chay coi. Ngoai ra do cung vung cua mach noi khdng 
dam bao se lam giam d 6 chmh xac cua bude dap do no bi udn dan hoi khi cham vao cir dap 
ncu sir dung cac co c<lu cap phdi tu dong hoac cap phoi bang tay. 


Tri s 6 mach noi phu thuoc vao chieu day vat lieu va co tinh cua no, d 6 dai ph^n canh 
thang cua chi tiet (neu d 6 dai cang ldn thi mure d 6 bien dang dan h 6 i cua mach noi cang 
ldn), phu thuoc vao ket cau khudn (dac biSt la cu ph 6 i), phu thude vao co cau cap phoi tir 
dong va mot so yeu to khac (tri so mach noi dirge xac dinh theo cac s 6 tay). 

Tuy theo cac yeu 16 anh huong, tri so mach nd'i co the thay d 6 i til (l * 3,2) mm vdi 
S < 4 mm va tir (2,5 + 6,5) mm vdi S = (4 -r 10) mm. 


Xep hinh it phe lieu thudng khong co mach noi ben (a = 0) khi do chidu rong cua dai 
bang chieu rong cua chi tiet dap. Xfp hinh it ph£ lieu thudng dugc sir dung khi dap cac ma 
xich cua bang tai (hinh 2.36b) va mdt so chi tiet khac. He s 6 su dung vat lieu K s cao hon so 
vdi xep hinh co phe lieu. 

X£p hinh khong co phf lieu dugc sii dung khi dap cac chi tiet ma dudng bao cua no co 
the ticp xuc nhau hoan loan giua cac chi tiet. Khi do khong co mach noi nen hd so K s - 1. 
Co the xep hinh khdng co phe lieu doi vdi mdt loai chi tiet hoac cac chi tiet co hinh dang 
khac nhau tren cung mot dai phoi (hinh 2.36c). 

Khi xep hinh ft phe lieu hoac khong co phe lieu thudng xay ra hien tugng cat theo 
dudng bao ngoai khdng khep kin, dieu do thudng lam giam dd ben cua dung cu (chay, coi) 
do xu& hi£n momen uon va luc chan khdng can bang khi cat. Do vay chay dap co the bi 
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bien dang dan h6i lam thay ddi tri s6 khe ho giura chay va coi. Ne'u tri s6 khe lid tang len Ion 
hon ir{ s6 khe ho tdi mi se lam cho chi net hi ba via. edn khi tri sd khe hd giam se lam tang 
ap lire don vj len me P lam vice cua chay va cdi. do do chay edi se bi cun va mat rndn nhanh 
hon. 



Ilinh 2.36. Cac dang xc'p hinh: 

a. ,\ep liinh cd phe lieu; b. x£p hinh ft phe lieu; c. xep hinli khdng co phe lieu. 



Ilinh 2.37. Cac dang xdp hinh co ban. 
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Co 6 dang co ban khi xfp hinh iren dai. viec dp dung cdc dang x£p hinh nay tuy thu6c 
v&o hinh dang va ki'ch thudc cua chi liCt dap, khi dap cdc chi tie't c6 hinh dang hinh hoc dan 
gian (chu nhat. 6van) co the* sir dung plurang phap xep hinh thing (hinh 2.37a) va mot so chi 
tici co hinh dang phuc tap khac nhu tren hinh 2.37. Trong san xuat hang loat Ian vd hang 
khoi ddi vdi cac chi tie't khOng Idn nguai ta cd th 4 xep nhi£u hang. Khi dap cac chi tiet nho 
va rat manh (vf du nhu kim d6ng h6) thi nguai ta x£p hinh de‘ cat phdn mach ndi vdi muc 
di'ch tang ti£t dien ngang cua chay, khi do ph£ lieu kim loai se tang ldn. Vdi mdi chi tier co 
the co nhidu phuong an xep hinh khac nhau, vi vay khi Iua chon phuang an xdp hinh tren dai 
can xem xet, can nhde cac phuang an de chon ra phuang dn co lai nhat sao cho ndng cao 
duac he sd sir dung K s ddng thdi kdt cau khuon dan gian nhat, dam bao duac dd chfnh xac 
yeu ciu cua san pham. Trong trudng hap khdng anh hudng d£n tfnh nang su dung va ifnh 
tham mv cua chi tier co the thay ddi hinh dang cua chi tiet hoac sua ddi dudng bao mot phiin 
de' co the x^p hinh ft phe lieu hoac khong cd phe lieu. 

2.4.3. Chon phifdng an xep hinh tren tarn 

Viec lira chon mdt phuang an xep hinh hap If nhat duoc thuc hien bang each plvdn 
itch, tinh toiin ho&c bang c;teh xep hinh true tie'p tren lam (vdi nhung phdi duac cat bang 
giiv cd hinh dang va kfch thudc nhu cua chi tiet dap). Phuang phap xep hinh true ti£p duac 
sir dung trong san xuflt loat nho vdi nhung chi tiet cd hinh dang phuc lap, khi do khdi luang 
ph£ lieu se la nho nhflfl. 

Khi xac dinh chieu rong cua dai phdi va bude c5p phdi (bude dap) can tfnh den tri s 6 
much ndi ben va mach ndi dQC giira cac chi ti£t. 

Phuang phap lira chon phuang an x6'p hinh theo phAn itch tfnh toan tlnrdng chi duac ap 
dung khi xac dinh cac quan he giua cac thdng sd xfp hinh va he sd sir dung vat lieu K s . 

Chung ta cd the khao sat mdt phuang phap xac dinh he sd K$ khi cat mdt chi tiet hinh 
iron, duac xep hinh nhieu hang vdi 2 phuang an: xtfp song song va xep so le (hinh 2.38). 
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Dan ti6n la chon phuong an xep va so hang N tr£n dai, tuy thuoc vao dudng kinh chi 
tiet va chidu day ciia phoi, dai phoi phai dam bao sao cho c6ng nhan co th6 thao tac de dang 
trong sudt qua tnnh lam viec khi c&'p phoi bkng tay. Sau do can xac dinh tri sd mach noi a va 
aj, dung sai chiCu rdng cua dai Ad, khe hd Z giura mep cua dai vdi canh dim hudng cua 
khudn va luong du c dd cit bang dao cat budc b£n (ndu cd trong khuon). 

Sau khi tinh loan va lira chon cac thdng so, chiing ta co thd xac dinh duoc chieu rong 
cua dai (bang phuong phap hinh hoc). 

■ Khi xep song song va khdng su dung chan ben (day phdi ty vao canh ranh din hudng): 

bsong «„ng= N.D + 2.a + (N ~ l)aj + 2.Ad + Z (2-37) 

■ Khi x£p so le khong su dung chan b£n: 

b s <, ie = D + 2.a + 0,866.{N - 1)(D + a,) + 2.Ad + Z (2-38) 

Khi dap cd su dung chan ben, thi co th6 coi ring khe hd Z = 0 va khi do chieu rong 
cua dai phoi duoc xac dinh theo c6ng thuc (2-37) va (2-38) vdi Z = 0. 

Chieu rong cua dai ph6i khi cil cac chi tiet (phoi) tron trong cac khuon co su dung 
dao cit budc ben de cSt bo phdn chieu rong du thira c doc theo dai ph6i, trong 2 trudng hap 


xep song song va xfcp so ie la: 

■ Khi dao cit budc ben chi cd 6 m6t canh phdi: 

b song * inj . - N.D + 2.a + (N - l)a, + c (2-39) 

1 b M>]e = D + 2.a + 0,866(N - i)(D + a,) + c (2-40) 

■ Khi dao budc ben d hai phia: 

bsong song ^N.D-k 2.a + (N - I )a , + 2c (2-41) 

b so | e = D + 2.a + 0,866(N - 1)(D 4- a : ) + 2c (2-42) 


Sau khi xac dinh duoc chieu rong cua dai chung ta cd the xac dinh duoc s6 dai tren 
tim vdi 2 phuong an xep theo chieu doc va chieu ngang cua tam (hinh 2.39). 



,a ) b) 

Hinh 2.39 . Phuong an cat tarn thanh dai. 
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■ Khi c&t dai thco chieu doc tifrn (chi4u dai) ta co s 6 dai: 

^dii (sonj: song) — B /ksnng song (2-43) 

^dii (si) le) — B/b S£t | e (2“44) 

■ Khi cdt theo chi£u ngang tam ta co: 

^iki i (sung srnig) L/k.mmg Ming (2-45) 

^ilai (so le) — L/b w » j e (2-46) 

Phuang phap xep hlnh cac dai tren tam cung giong nhu xep hlnh tr£n dai, no anh 
hirang d£n he so sir dung vat lieu K s . Khi cat cac tam thanh dai khong chi ciiu y den u'nh 
kinh te (tier kiem vat lieu) ma con phai chii y den cac yen to cong nghe cung nhir nang sua't 
lao d6ng khi cdt tren may cat. Chang han nhu khi cat tam thanh dai can phai tfnh den sir 
dinh hudng cua true doc chi tiet so vai hudng thef kim loai, nhat la ddi veri cac chi tiet phoi 
66 uon cac goc uon nho, dudng uon cin phai vu6ng goc hoac nghidng mot goc nhat dinh so 
vai hudng can (thudng ldn han 30°). Phuang an xep hlnh t6't hoti ca la ta't ca cac dai dirge 
xep theo chieu doc t&'m, khi do nang suat cat sc cao han so vdi khi xep ngang tarn. 

Tuy nhi£n cat doc tam khong phai khi nao cung la tot nha't ma trong mol so trubng 
hap thuemg gay kho khan cho qua tnnh dap do chieu dai cua dai ldn, chieu day phoi nho, 
phoi thuemg bi vong, kho dua phoi vao vung lam viec han so v6i dai phoi ngdn. Ngoai ra doi 
khi xep theo chieu ngang tam so chi tiet tr£n tam nhieu han so vai khi x£'p doc tam, do do 
ph£ lieu khi cat tam se ft han. 

Cuoi cung chung ta co the xac dinh dirge h£ so su dung v&t lieu K s v6i cac phuang an 
xep hinh kliac nhau: 

1 Khi xep song song cac chi tiet tren dai va cac dai dugc cat doc theo tam, ta co s6 
chi tiet tr£n dai (vai a * aj) la: 

m L(simgsong) = N(L-a)/(D +a,) = N(L - a)/(D + a) (2-47) 

■ Khi c^t ngang tam la co: 

m B (song song) = N(B - a >/( D + aj) = N(B - a)/(D + a) (2-48) 

■ Khi xep so le, so chi ti£'t tr£n mot dai se la: 

+N 2 ./ 2 (2-49) 

trong do: 

- Nj va N 2 ttrong ung la so hang doc theo dai co so chi tiet la ldn nhat va nho nhat, 

- /j va 1 2 la so hang thco chi£u ngang cua dai co stf chi tiet la ldn nha't va nho nhat. 

Co th£ lha'y rang: N 2 = N| - 1 do do: 


nr 


, = N+(Ni - l )/ 2 


(2-50) 
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Chiing ta khao sat hai loai x6p hinh: khi l\~ U thi s6 hang theo chieu ngang cua dai 
/ - /, + l 2 se luon lu6n la mot so cMn, con khi / 2 “ l\ - 1 thi s 6 hang theo chieu ngang cua 

dai se lu6n luon la m6t s6 le. 

Neu thay - l 2 va t = /, + l 2 vao cdng thuc (2-50) chung ta se co so chi tiet tr£n m6i 
dai khi xep so le va s 6 hang theo chieu ngang cua dai la chan nhu sau: 

m»,i e (cMn) = 0.5(2N| - 1) l (2-51) 

Thay / 2 = (/, - 1) va l = {/j + l 2 ) vao (2-50) ta co s 6 chi tiet tren dai khi s 6 hang theo 
chieu ngang dai la le nhu sau: 

m*,ie (le) = 0,5.[N,(/ + i) + (Nj - 1) (/ - 1)3 (2-52) 

Trong cac cong thuc (2-51) va (2-52), Nj duoc xac dinh tir c6ng thuc (2-38) vdi 

Ad = 0, Z = 0 va a % a t : 


N = (bsoie -a)-0,134(D + a) 
1 0,866(D + a) 


(2-53) 


So hang theo chieu ngang cita dai / tuj' thu6c vao phuang an x£p hinh tren tam, neu 
cit dai theo chieu ngang ta'm ta co: 


B - 2a - D 
0,866(D + a,) 


+ 1 


(2-54) 


N£u cat dai theo chieu doc tam ta co: 


L -2a - D 
(D + a]).0,866 


+ 1 


(2-55) 


trong do: B va L la chieu rong va chieu dai cua tam, gia tri ma ta tmh toan duoc se chi la so 
nguyen khi B va L la boi s6 cua buoc xep hinh (D + aj). 


Neu chung ta biet duoc so dai tr£n ta'm n d va so chi ti£t tren m6i dai m, chung ta co 
th£ xac dinh duac so chi tiet tr£n ta'm vdi cac phuang an xep hinh khac nhau: 


n.im = (2-56) 

Do do he so sCr dung vat lieu K s duac xac dinh: 

K s = (0,875.D 2 .n lAm )/B.L (2-57) 

Nhu vay cac linh toan 6 tren da cho tha'y rang: khi xep so le se co lai han (kinh te 
han) so vdi khi x£p song song va khi xep so le hieu qua se cang cao khi so hang cang nhi£u 
(bieu do tren hinh 2.40). 


Viec xep hinh nhieu hang se duac sir dung co hieu qua khi dap cac chi ti£t iron co 
dudng kinh tuang doi nho D = 100 - 120 mm vdi s6 hang N > 10 khi D < 10 mm va N = 1 + 2 
khi D > 120 mm. Vdi so hang tang len chiiu rdng cua dai tang va khdi luong cua dai se Idn 
(nang), do do c6ng nhan thao tac se kho khan han do phai 1 6 n hao sire lao ddng nhieu. Trong 
trubng hap nay c£n ca khi hoa qua trinh cap phoi. 
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Uinh 2.40 . Quan he gitra he so sir clung vai lieu K s va s6 hang N khi x£p so le. 

Vi£c dip true ticp lir lam ma khOng cit thanh dai sc co hi£u qua Idn hon khi dftp lir 
phdi dai hoac phOi bang. 

Dc* dAp cic chi ti£'t lr6n dircrc xep iheo hang so ]e mol each true ti£*p tr£n tarn ngiroi la 
thudng sir dung cic ccf cJutu ddng vdi cac may ep true khuyu than ho. Nguyen tic lam vi$c 
cua ede thi£t bi nay la lir ehuyln d6ng quay ciia true chinh may ep diroc bien d6i bdi mOt ca 
c£u ddn dOng true vft ihanh chuy£n <!6ng tinh titfn zfch zie cua gia do irong do ta'm dupe 
kep chat. Vice diSu chinh cd ctfu din dOng true vfi vdi mot iri s 6 xdc dinh sc diroc chirc 
hit n tuy iheo vice xep hinh irCn ta'm. ThiC't bi niy ntfu lam Wee a chC do nr dOng thi nang 
suat cua no co thfi dat 35.000 chi£c irong mOt ca, do chinh xac cua bude cap phOi co th£ 
dat (0.25 - 5 - 0,15) mm. 

2.4.4. Toi uu hoa vice xep hinh san pham nhd may tinh 

Cimg vdi mi phat irien cua cOng ngh<* thOng tin, vice t6i uu hoa qua trinh xep hinh vat 
li£u da duoc thuc hien nhd may tinh. Di£u do cho phep rut ngdn ihdi gian khao sat nhifcu 
phirong an khac nhau va chon ra phirang an idi uu. 

Vf du dung may tinh de xac djnh hidu qua xep hinh Ion nha't trfin cd so cdc thud! loin 
da khao sat (xem cOng thuc 2.38 - 2,57) d£ xdc dinh he sd su dung vat lieu K s Ion nhat tuy 
theo dang xtfp hinh (song song hay so le). sd hang chi litft trOn m6i dai va phuang phap edi 
tarn thdnh dai (doc hodc ngang t£m) va kich thude cua tarn. 

Viec xdc dinh K s doi vdi chi tiet tron c6 dt/Ong kinh D = 70 mm xtfp 2 -r 4 hdng khi 
cat doe va ngang lira vai 5 kfch thude ti£u chuflln da chi ra ring K s cd su phu ihupc vdo ede 
thOng s6 da dua ra. 
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Hinh 2,41. Xep hinh nghiCng cac chi lift iron co ducmg kfnh Idn. 


Tri s 6 16n nhft cua K$ = 0,779 khi x£p 3 hang so lc iren dai va cit tfim co kfch ihudc 
1000 x 20CX) mm theo chieu doc tim. Tri s6 nho nhft cua K s = 0,4 khi x£p 4 hang song song 
tren dai v& cat theo chidu doc itfm co kfch thudc Fix L = 500 x 1000. Khi x£p hl-nh cic chi 
lift iron co duang kfnh ldn (D = 200 -r 250 mm) thl khdng th£ trinh khoi ph£' lieu kim loai a 
gdc, mi phc lieu se lang ien khi lang duang kfnh. Trong irudng hap nhu vAy thudng chi xfip 
mot hang tr£n cac dai duac cat ngang ia'm. 

Di n&ng cao hieu qua cua vise x£p hinh, giam phe lieu kim loai a gdc ngudi ta su 
dung phuang phap xep hinh nghieng vdi viec xfty dung gdc nghieng cua dai duac xic djnh 
tu dieu kien sap xep sao cho so chi tift trong dai la mdt s 6 nguyen nho nh£t (hinh 2.41). 

Vdi mOt dtrdng kfnh xac dinh cua chi tie't tron thi hieu qua cua viec xep hinh nghieng 
phu thudc chu yeu vAo goc nghieng cua dai tren lam (so vdi canh lAm) va vao kfch ihudc cua 
lam. 

Thuat loan de tfnh loan tren may ifnli nham xac dinh s6 Iuang chi tie't nhi£u nbft Iren 
t£ni cd kfch thude B x L bao gdm cac phdn tif sau: 

l) Theo kfch ihudc cua lim B x L vi duOng kfnh chi lift D = 2R tu lam giac ACD 
(xem hinh 2.41) chung la cd ih£ xac dinh duac goc nghieng cua dai a mi vdi goc nghieng 
nay s 6 chi lift trong dai la mOi s6 nguyen nho nhai: 

B-2R 

a = aresm- 

2 R( n — I) 


trong do: B - chieu rdng tint; 
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R - ban kinh phoi (chi ti£'t); 
n - so chi tiet trong dai (so nguy£n nho nhit). 

_B_ 
n ” 2R + 1 

2) Xac dinh khoang each t giua cac tam cua cac hinh tron d 6 ng mric tu cac tam giac 
C 4 E]E 3 va C 2 E 5 E 3 : 


t — C 4 E 3 + CjE^ — — 


2R 


sin a 


va so hinh tron dirge sip x£p d 6 ng mire a phia ben trai va b£n phai cua hlnh tron co tam tai 
diem x 0 tuemg ting: 

(x„-R) 


n i - 


n 2 = 


L-x t> -R 


t t 

Tong s 6 hinh tron dugc bo tri a mure bat ky se la: 

n r =n, +n 2 +1 = 


'x 0 -R n 


L-x 0 -R 

t 

1 

t 


+ 1 


Khi x t) = R hinh tron diu tien se tiep xuc vat mep ben trai cua tam, mire cua hang co 
vong tron nay se dirac ky hieu bing chO r. Khi do ta co: 


L-2R 

t 


+ 1 


N£ll dich chuy£n xutfng phia dudi (r - 1) thi tam cua vong tron diu ti£n dich chuy£n 
mot doan - C 4 E 4 = 2Rcosa (xem tam giac C 4 E 4 C 5 ). N£u dich chuyCn l£n phia tren m 6 t 
mure (r + 1 ) thi tam cua vong trdn dau tien se dich chuyen m 6 t doan: 

2R 


12 — C 4 E 2 — t — t 


2 R cos a 


sin a 

Tuemg urng ta co s 6 hlnh tron 6 mure (r - 1) va (r + 1) se la: 


= 


t 

111 

t 


+ 

I - 

<N 

1 

T 

1_ 

L t j 



+ 1 


L - it 2 -2R1 . 

---— + 1 


3) T 6 ng s 6 hinh tron dugc sip xep tren tam vdi di£u kien sir tiep xuc cua mot trong s 6 
cac vong tron nay vdi mep cua tam 6 muc r dugc xac dinh sau khi liy tong cua i tir 0 den r 
va tir 1 den n - r: 


n r = £ 

i =0 


i.ti L-i.tj-2.R 

! n ^ r 

U 2 L-i.U-2.R 


+1 

— L +- ± -- 

t t 

1 i=l 

t t 


+ m 
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Viec tfnh toan cac thdng so xCp hmh se dirdc may tmh thuc hi£n mot each tuan tu dtfi 
vdi mdi loai kich thude khac nhau cua tam. Phuong an xep hmh tot nhat se duac xac dinh va 
se cho la ket qua so phoi Idn nhat trong tam khi xep hinh nghieng, he so K s va goc nghi£ng 
a cua dai. 


Khi xep hinh chi li€i (phoi) co hinh dang chu nhat tr£n tam c6 the co 3 dang chfnh: 
xep doc tam, x£p ngang t&m va xep h6n hop. Sau khi cat tafm thanh dai, chung ta se bo tri 
phoi Iren dai. Vdi kich thude cua ph6i khong d6i, chung ta cho cac thdng so thay doi nhir: 
kich thude t&'m, kieu xep hinh phoi tren dai va kieu xep dai tren t£m. Vdi kieu xep hinh dai 
tren tam theo chieu doc va ngang ta'm (nhutren hinh 2.42a, b) ta co: 

S6 chi tiet tr£n tam khi xep dai theo chilu doc tam se la: 

H B 
AD 


n i = 


va khi x£'p theo chieu ngang tam: 


n 2 


B H 
AD 


Khi xep h6n hap mot so dai se duac xep theo chieu doc va mot s6 dai se xep theo 
chieu ngang (hinh 2.42c). Viec xep hinh h6n hqp duac thuc hi£n bang each diln ddy tot nhat 
cac canh tam. D6 thuc hien dirge dieu do can phai co su phoi hop cac kich thude cua ph6i A 
va D ma vdi cac kfch thude do chieu rdng cua cac dai phe lieu C va l la nho nhat. Neu cung 
sir dung nguyen lie nay de bo rri ph6i chung ta se tim duac mat dd Idn nhat khi s£p xep 
chung tren phdn khac cua tarn M, N, P, Q (hinh 2.42c). Khi xep h6n hop, tdng so phdi tr£n 
tam duac xac dinh theo edng thuc: 

k = [mc]+[ip]+[qn] 

B-N.D 


trong do: M = 


C = 


A 

H - I.A 
D 
H 


la so dai theo chilli ngang; 
la so ph6i tren mdi dai theo chidu ngang; 


0 < I < — la stf dai theo chieu doc; 

A 

p = ——la so phdi tren m6i dai theo chilu doc; 
D 


Q =— la sd dai b6 sung Idn nh&t theo chieu doc; 
A 

0 < N < — so phoi tr£n mdi dai b 6 sung; 

A 

A va D la chieu dai va chieu rong cua phoi. 
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Hinh 2.42 . Xep hlnh ir&ri t£m chi ti£t (phoi) hinh chur nhAt. 


Chung ta c6 the de dftng nhan thiVy ring: d£ c6 the nang cao hieu qua cua viec xep 
hinh cSn nAng cao tilth cOng nghe cua dudng bao chi ti£i d3tp, 

Trong nhidu trircmg hap co th 6 thay ddi hinh dang cua chi net ma khOng anh huang 
den di£u ki£n sir dung chung, khong anil hiring den do bC ; n, dO ctirng ma lai tiet ki£m kirn 
loai hern khi x£'p hinh. Vi du: c6 the sua ddi dirdng bao cua chi tier nhir a phirang an (a) 
thanh phuemg an ib) (hinh 2.43) thi he sd sir dung vat lieu tang 13^. 



Hinh 2.43. Phirang an sira ddi dirdng bao chi tier. 
Phirang an: (a) c6 K s = 85%; (b) K s = ( )8%. 
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Chuang 3 

NGUYfcN CONG UON 


3.1. sy PHAN BO Ong suat va bien dang theo chi£u day cua PHOI UON 

U6n la met nguyen cong rth&m bi£n d6i cac ph6i c6 true thing thanh cac chi ti£i c6 
true cong. 

Vi du; 
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Nguyen c6ng u6n tlircrc thirc hien tren cac mdy ep true khuyu, mdy ep thuy lire, may 
udn Urn nhi£u true (may I6c tain), may udn prdfin chuyen dung d£ u6n c6 k£o va ede mdy 
uCn ur ddng van n&ng. 

Udn bang khuon tren cac may ep true khuyu duac sir dung nhidu nhdt trong che tao 
mdy. Qua trinh u6n tren khudn do lac dung ddng thdi cua ca chav vd coi v6i ede diem dat 
lire P va Q 6 m6t khoang nhdt dinh (hinh 3.1). 



Q 


>P 


T, 


v 


XTv V" 

77zm 


ii #f . \ 

v v jjthb.-' /y 


v 


W 

* 


Hinh 3.1. S a dd tac dung lire khi udn. 

Lire P va Q se tao ra mGmen uon lam lhay d6i hlnh dang cua phdi. Trong qua trinh 
uon dc> cong cua phdn phdi bi bien dang se idng ten va tai vung bidn dang xay ra qud trinh 
bidn dang khac nhau a hai phta cua phdi; cac I6p kim loai a phla mat ngoai goc udn thi bi 
keo con cac lop b£n trong thl bi ncn. Khi giam ban ktnh udn, bi£n dang deo se bao trum loan 
bd chteu day ph6i. IPinh dang cua vung bidn dang deo vd do dai cua no khi goc uon a = 90 n 
gan bang 1/4 tay don u6n / dupe chi ra nhtr tren hlnh 3.1. 

Sau khi uon hlnh dang va ki'ch thuctc liet dien ngang cua phOi tai vung udn bi thav d6i. 
Sir thav d6i ttet didn ngang cua phot se cang Ion khi ban kfnh udn r cang nho. 


✓ 



Hinh 3.2. Sor dd udn phOi dai hep va dai rdng. 
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Sir thay dAi tidt dien ngang tai viing uon la do bien dang deo theo ban kfnh chay voi 
didu kicn thd lich kh6ng d6i da keo theo bidn dang deo ngugc dau theo mot hoAc hai huong 
tuang ung vupng goc: hiring kfnh va hiring true. 

Khi u6n cac phoi dai hep (dang gAn) co tier didn ngang hinh chu nhAt thl sau khi udn 
tidt ilien ngang cua phOi tai viing udn se bi bien dang va tro thanh hinh thang (hinh 3.2a). 
Khi d6 chieti dAy cua ph6i tai viing utfn giam di S < S„ va khi mire dC bidn dang ldm (ban 
kfnh ubn nho) tidt dien ngang cua phdi tai viing u6n c6 do cong ngang. 

Khi u<5n phdi dai rOng (b » 3S) hoac cd dang tAm thl tidt dien ngang cua phoi hdu 
nhir khdng thay d6i ma chi bi giam chidu day di m<M chut (hinh 3.2b). 

Trang thai ung suAt tai viing uOn dAc trung ben ung suAt phap cty theo hiring tiep tuven 
va a p theo hudng kfnh. l?ng suit o p la do cac thd doc cua phOi ep Idn nhau. Ngoai ra khi u6n 
cac phdi rdng con co thanh phan ung suat o z theo hiring true Sir xmVt hi£n thanh phdn ung 
suat nay la do bien dang dan hAi cua cac* phdn tir cua phdi fthco chidu ring) nim each mep 
cua ph6i m6t khoang nao do (hinh 3.2b). 

Khi u6n phOi dai ring (kliac v6i u6n phdi dai hep) bien dang theo phuong ngang hAu 
nhu klring dang kd do tra luc bidn dang theo phuong ngang rat Ion. VI vAy khi u6n phtii dai 
ring trang thai trig suat la khdi con trang thai bien dang la phang. Khi uon phOi dai ring co 
them thanh phan ung suat o z la do tra luc lien ket cua cAc phan tir kim loai. Trong viing keo, 
ung suAt chidu true o z la ung suat keo, con 6 viing nen a, la ihig suat nen. Bd mat phAn chia 
giua viing keo va viing nen gpi la mat trung hoa ting suAt. 

Khi u6n phOi dai hep. ung suAt chidu true r&'t nho so voi ung siuYt chay nen co the’ bo qua 
(a 7- * 0). Vi viy u6n ph6i dai hep, trang thai trig suit c6 thd coi lii trang thai ung suat phAng. 

Gia tri va su pliAn bc> ung suat trong vung bidn dang deo tiiy thupc vao ban kfnh cong 
cua ph-Gi u6n. 6 giai doan diu bAn kfnh cong cua phoi Ion. ph6i chi bi bien dang dAn hAi vA 
giai doan nhy goi la u6n dan hoi. Qua trinh u6n dan h6i da dupe nghicn cuu kha ti mi va diy 
du trong cac giao trinh Sire bdn vat lieu. 



Hinh 3.3. Bidu d6 phAn bo ung suit theo chidu day cua ph6i 6 cAc giai doan: 
a- uon dan hoi deo; b- uOn deo hoan toan; c- lop trung hoA bidn dang. 
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Neu chung ta hep tuc u 6 n, ban kfnh uPn giam din, cic lap kim loai 6 xa tarn phdi bat 
d4u bi bie'n dang dec. Khi do irng suit ii£p tuyin gq trong cac IPp nay dat dtfn gia tri ung 
suit chay. Giai doan nay dupe goi la giai doan u 6 n dan h 6 i deo. Bi 6 u d 6 phan bd ung suit ctq 
dirac bidu dten trfcn hinh 3.3a. 

Nd'u tiep tuc giam bin kfnh u 6 n th) vung bien dang deo se tang ten con vitng bien 
dang din hdi giam di va khi ty s 6 r/S < 5 thl hiu nhu loan bp ti 6 t dipn ngang cua ph 6 i 6 
trang thai deo, bit dau giai doan uon deo hoan loan. 6 giai doan nay xay ra sir dich chuydn 
ro ret cua Idp b 6 mat trung hoa ung suit ve phia cac tho bj nen cua phoi. su dich chuyen nay 
se ting ten khi ban kinh u 6 ’n giam. Bteu dd phan bo ung suit Go, o p va a, theo chieu day cua 
phoi 6 giai doan udn deo hoan loan dirac chi ra trdn hinh 3.3b. 

6 giai doan udn deo hoan toan do co sir dich chuyen cua IPp trung hoa irng suit, nen a 
vung biPn dang se t 6 n tai mpt vung bien dang khdng don dteu. NghTa la co nhOmg IPp kim 
loai o thdi diem trade do thuOc vung nen, nhung sau d 6 lai chju keo. Giua cac lop nay se t 6 n 
tai mat IPp nia bien dang nen truPc dd se bing bten dang keo tai thoi di£m dang xet va be 
mat trung vPi lop nay dirpc gpi la mat trung hoa bien clang (hay IPp trung hoa bien dang). 
Dae diem cua IPp trung hoa bie'n dang la cP do dai bang dp dii cua phdi ban dau, vi vay no 
la co so tdt nhit de xic dinh dp dai cua phdi khi udn. (hinh 3.3c). 



Hinh 3.3c. Vj In cua lap trung hoi bien dang. 

Ban kinh cong cua lap trung hoa dupe xac dinh tuy thupc vao mure dp bie'n dang vi 
loai vat lieu khi udn. Nhung die trung ve nang lupng khi udn (mdmen udn. luc bien dang) 
cung nhu bien dang dan h 6 i cua ph 6 i (xuit hien sau khi bo tai trong) dupe xic dinh mot 
each gin dung vPi mot giai doan nhit dinh cua qua trinh uPn co lien quan din mure do thay 
ddi ban kfnh uon: trang thai ung suit bien dang cua 6 bien dang, trj sd urng suit va ban kinh 
cong cua mat trung hoa. 

3.2. KICII THI/0C CUA PIl6l Kill UON 

Do dai cua phPi khi udn tai mpt goc udn dupe xac dinh trfcn co so can bang vdi dp dai 
cua IPp trung hoi bie'n dang. Do vfty dd'i vPi mpt chi tiet uPn, dp dai cua phOi se bao gdm: 
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t6ng do dai cua cac phan canh thang va long dp dai cua cac phan cung cong la cac ban kfnh 
cong cua lop trung hoa bien dang tai cac goc uon. 

n+l n na 

Lphoi — L’lhanj: ^cong — S , or . PbJi (^-1) 

i=1 i=J 

trong do: 

/ t - do dai cua cac phdn canh th^ng; 

n - so goc ud'n; 

cq - tri s 6 cac goc u6n; 

p b(Ji - ban kfnh cong cua lap trung hoa bi£n dang tai cac goc u6n. 

Nhu v$y muon xac dinh dupe do dai cua phoi can phai xac dinh dupe vi trf cua 16p 
trung hoa bi£'n dang, ban kfnh cong va do dai cua ldp trung hoa bien dang tai mot goc uon, 

d giai doan uon dan h6i deo va ngay ca khi u6n deo thuan tuy ph&ng vdi ban kfnh u6'n 
tuang doi ldn thi lap trung hoa bien dang se di qua trong tarn tict dien ngang cua phoi. Neu 
tiet dien ngang cua phoi la hinh chu nhAt vai chieu day S thi: 

Pbd = r + S/2 

trong do: r la ban kfnh uon. 

O giai doan uon deo hoan loan, trang that bien dang khoi vcfi ban kfnh utfn nho, do co 
su djch chuv^n lap trung hoa ting suat ve phfa t&m uon nen lap trung hoa bien dang se dich 
chuyen ve cac th6 nen ma kh6ng di qua trong tam ti£t dien ngang cua ph6i. Su dich chuyen 
nay se cang nhieu khi ban kfnh u6n cang nho. 

Ban kfnh cong cua lap trung hoa ung su&i co the dirqc xac dinh tir dieu ki£n can bang 
v6i ban kfnh cong lcfn nhat cua 16p kim loai chiu nen: 

p us = VrT = V( r + S).r (3-2) 

trong do: 

p us - ban kfnh cong cua lap trung hoa ling suat; 

R, r - ban kfnh ngoai va ban kfnh trong cua phoi tai goc uon. 

Khi uon phoi a trang thai nguoi se co su hoa ben nhung diin do kh6ng anh huang den 
tri so cua p^. 

C6ng thuc (3-2) co the sir dung di xac dinh ban kfnh cong cua lcrp trung hoa bien 
dang. Theo cong thuc (3-2) neu r = S thi p us - 1,4.S con khi r = 5S thi p us = 5,5S. Nhu vAy 
khi r - S lap trung hoa ung suat dich chuyen so vcri mat trung binh mot khoang 0,1S. Con 
khi r = 5S thi lcrp trung hoa ling suat trimg vai be mat trung binh cua phoi. 

Ban kfnh cong cua mat trung hoa bi£n dang co th£ dupe xac dinh bai mot he so x, gia 
tri cua no phu thupc vao ban kfnh cong tuang ddi r/S, khi r/S cang ldn thi tri so x cang 16n. 
Vdi r/S = 0,1 thi x = 0,3 con vai r/S = 5 thi x = 0,5. Nhu vay ling vdi m6i gia tri cua x ta co 
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the xac djnh dugc ban kinh cong cua lcfp trung hoa bi£n dang: 

Pbd = r + x.S (3-3) 

Chung ta co thi thay rang: khi giam cac ban kfnh u6n r vi trf lap trung hoa bien dang 
se dich chuyen ve phia cac thd bi nen, lap trung hoa bien dang se trung vai mat trung blnh 
khi r > 5S vi khi do x = 0,5. 


Nhir vay khi biet dirge vi tri lap trung hoa bi£n dang chung ta co the xac dinh dugc do 
dai cua no va do do xac dinh dugc do dai cua phoi uon (cong thirc (3-1). 

Su thay d6i kfch thuac va hinh dang cua tiet dien ngang tai vung uon: 

■ Khi uon ph6i dai hep co ti£t di§n ngang ban dau la hinh chu nhat vdi ban kinh nho 
(mure do bien dang lefti) tai vung u6n net dien ngang cua phoi bi thay doi dang ke, sau khi 
uon tiet dien ngang cua phPi tra thanh hinh thang va co d6 cong ngang. Chieu rong cua phoi 
tai tiet dien bat ky a ban kinh p dugc xac dinh theo cong Thirc: 


* Tai vung keo: 




i 

2(2-p/R) 


p ) 


(3-4) 


* Tai vung nen: 


3 



b* = b 

(3-5) 

Khi p = R thi 

t*rain = b^/p us /R 

(3-5a) 

Khi p = r thi 

= byj p lfs / r 

(3-5b) 

Khi p = p JS ta co: 

bp = b. 



■ Khi uon ph6i dai rpng tiet dien ngang cua phoi tai vung uon thay d6i khong dang ke 
va chu yeu chi bi giam chieu day S. Sir bi6n mong cua chi£u day S tai vung uon co the dugc 
xac dinh gin dung theo cong thirc: 


AS - S — S bJ — 


s 2 

4(2r-S) 2 


(3-6) 


Theo cOng thtic (3-6) ngubi ta thay rang, su bien mong rat ro rang khi ban kfnh udn 
nho. Vi du khi r - 2S thi gia tri AS * 1% chieu day phoi. 

Chieu day ciia phoi sau khi uon tai vung bien dang deo co thi dugc xac dinh tren ca 
sa cac so lieu thuc nghiem: 

Sb. m <-,ng=Tl-S (3-7) 

trong do: 
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T] - he so giam chieu day; 

S - chieu day ban dau cua ph6i (inrbc khi u6n). 



Khi uon dai vai g6c uon a = 90° bang thep 10 va 20 ngudi ta thay gia tri cua h£ s 6 rj 
thay d6i tuy theo ban kinh uon urang c!6i r/S: 

■ Khi r/S = 0,1 thi rj = 0,82; 

• Khi r/S = 4,0 thi r\ = 0,99. 

Tir nhirng sri lieu da dua ra, nguai ta thay r^ng khi ban kfnh tuang doi r/S > 4 thi su 
giam chieu day phoi hdu nhu kh6ng c6, dieu do hoan toan phu hap vcfi cac so li£u tj'nh toan 
theo ly thuyet. 


3.3. LUC UON VA MOMEN UON 

Momen can thict d£ uon ph6i duac xac dinh bang t6ng momen sinh ra tai vung keo va 
vung nen do cac irng suat liep qq doi vai tam uon (hinh 3.4). 

R PlIS 

M = M kel ’ + M n0n = b joop.dp + b J (-oS)p.dp (3-8) 

Pus 1 

Neu gia thiet rang a giai doan uon deo hoan toan vcfi phoi dai rong, urng sudt cro lai 
vung keo va vung nen khong doi trcn toan bo chieu day cua no va urang ting bang: 

a o “ P a s 

~ <*o = p.o s 

Con mat trung hoa irng suat trung vcfi be mat trung binh cua phoi va do do: 

Pits “ r + 0,5S = 0,5(R + r) 

Khi do momen lion se la: 

R Pus 


2 

M = p. b Ja s p.dp + pb J(-a s )p.dp = - ’ as : 


= l,5.p.W.a s (3-9) 


p u . 


trong do: 

W - momen chong uon cua tiet dien ngang cua phoi; 

(3 = l -5- 1,15 he so thay dcSi tmh den sir anh huang cua ling suat trung binh den birac 
chuySn quy u6c cua kim loai a trang that deo, he s6 nay dat duac tri so 16n nhat 
6 trang thai bien dang phdng (he so loga), 

(3 giai doan uon deo hoan loan vcfi trang thai bien dang khoi thi irng suat ctq thay d6i 
trcn chieu day cua phoi va be mat (rung hoa ting suat dich chuyen \i cac tho nen. Tuy nhi£n 
momen van khong doi va duac xac dinh theo cong there (3-9). Do vay, trang thai umg suat tai 
6 bien dang khi uon cung nhu vi tri cua Icrp trung hoa ling suat, khong anh huang den gia tri 
cua m6men uon. 

Khi lion deo hoan toan vcfi trang thai bien dang khoi, xay ra sir giam chidu day phoi 
tai vung bien dang, dieu do dfui den lam giam tri so momen u6n. Mure do giam se cang nhidu 
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khi ban kmh ubn cang nho. Neu r = S thl momen ubn se giam khoang * 10%. 

O giai doan ubn dan h6i - deo (hinh 3.3a) 
khi vung bien dang dan h6i dang kb (co ti'nh kha 
udc) so vdi vimg bien dang deo thi momen uon 
duoc xac dinh bling t6ng momen tac dung tai 
vung dan h6i va vung deo: 

M = + M Ul j 0 = 

= + T fs2 -y 2 )P-c s 

o 4 

(3-10) 

Hinh 3.4. So d6 xac dinh momen uon. 

trong do: y - chibu long vung bien dang dan h6i. 

Trong cong thuc tren, neu y = S thi no se trd thanh cong thuc db xac dinh momen uon 
dtfi vdi giai doan ubn dan hoi: 

b S 2 

M = p.oS 

6 




Neu y = 0 thi no se tro thanh cong thuc de xac dinh momen uon khi uon deo hoan 
toan (cong thuc (3-9)). 

Cdng thiJc db xac dinh momen uon khi uon deo hoan toan vdi trang thai bien dang khoi, 
neu tinh den su hoa bin cua v&t lieu khi su dung dirftng gin dung cua d6 thi hoa ben ta co: 


M = p.b o s 


R" -r 


R R" - r 


(3 11) 


trong do: n - moduli hoa ben. 

Neu Id = 0 thi cong thirc (3-11) se tro thanh cong thuc (3-9) khi uon vat lieu khong 
hoa ben. 


3.3.1. Luc uon khi uon mot goc 


Van db xac dinh lire uon can thiet de uon chi tiet mot goc uon bang khuon la mot vail 
db rat kho khan, do do chi co the xac dinh mbt each gin dung. Set dl nhu v&y la do luc ubn 
phu thuoc vao lit nhibu ybu tb nhu: 

11 Hinh dang va kich thirbc tibt diSn ngang cua phoi; 

■ Tinh chit co hoc cua vat lieu; khoang each gitfa cac gbi tua; 

■ Ban kmh cong cua chay ubn va mep lam viec cua coi ubn; 

■ Dibu ki£n ma sat tiep xuc giCra phoi va dung cu v.v... 
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Ngoai ra lire udn c£n thiet de udn phOi trong khudn udn mot goc con phu thuoc vao 
muc do tiep xuc giua phOi udn vdi chay va coi. Tuy theo mure db tie'p xuc giura phbi uon vdi 
chay va edi ngudi ta chia qua trinh uon thanh cac giai doan rieng biet. Ddu tien la giai doan 
udn tu do tir luc bat dau udn khi phoi tidp xuc vdi dung cu chi a 3 diem (hinh 3.5a) cho den 
khi su tiep xuc cua phoi nam trong khe hd hinh chG nhat giOa chay va coi (hinh 3.5b). C) giai 
doan uon tir do nay ban kmh cong cua phOi u6n ldn hon ban kinh cong cua chay. 



a) b) c) d) 

Hinh 3.5. Cac giai doan cua qua trinh u6n trong khuOn. 


Sau do tidp tuc giam ban kinh uon 6 viing tarn phoi, cac canh uon iiii sau vao trong 
ranh edi va xoay quanh gdi tua trong cac b£ mat ben cua chay (hinh 3.5c). Dieu nay chi xay 
ra khi ban kmh cong cua chay nho hon ban kinh uon tu do cua phoi. Ban kmh udn tu do cua 
phoi phu thuoc vao loai vat lieu va khoang each gitfa cac gdi tua cua goc u6n. Vf du khi 
a = 90 () va L = 10S, ban kinh uon tu do cua phbi bang thep cac bon tha'p la r = 1,6S 

Khi chay tiep luc di xudng xay ra qua trinh udn lai (nan) cac canh cua phoi cung vdi 
viec giam ban kinh uon d viing tam phbi. Giai doan nay se kdt thiic khi phoi tiep xuc hoan 
toan vdi chay va coi tren tat ca cac phan cua bd mat tie'p xuc (hinh 3.5d). 

Do thuc t6' raft kho xac dinh duqc thdi diem tiep xuc hoan toan giua phoi va dung cu 
nen qua trinh udn trong khuon duqc ket thuc thudng co mbt luc bb sung nham dd nan va tinh 
chinh phSn phbi da duqc udn. 

Trong thuc td cin xac dinh luc udn d giai doan dau va giai doan ket thuc qua trinh udn, 

Luc bie'n dang d giai doan dau cua qua trinh udn co the xac dinh mot each gan dung 
bang phuang phap can bang tinh. Vi d giai doan nay khoang each gitia cac gdi tua cua phbi 
udn ldn (L > 5S) nen anh hudng cua ung suat tidp la khbng dang ke. Nb'u goi phan luc d cac 
gdi tua la Q (hinh 3.1) va coi luc ma sat T xuat hibn la do su quay cua phbi udn doi vdi diem 
tua va ty le vdi phan luc gdi tua: T = p.Q thi khi chidu t&'t ca cac luc lbn phuong tac dung 
cua luc udn Py chung la co phuong trinh sau: 

P u = 2Q.^siny+ (j.cos|j (3-12) 

trong do: a/2 la goc giua tiep tuyen tai diem tua va phuong tac dung cua luc udn P u (hinh 3.1). 
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Phan lac goi tua Q duroc xac dinh tir di&u kien ckn bang momen tao ra boi phan life Q 
veri canh lay don / va momen giai han khi u6n deo khong tinh den hoa ben: 


n b ' S 


(3-13) 


D& dai cua canh tay don / bang khoang each gitia phuong tac dung cua lire Q va phap 
tuyen qua tim ban kfnh luan cua chay, no dugc xac dinh u'r quan h£ hinh hoc (hinh 3.1): 


+ L + S)cos — 


. a 
sm- 


(3-14) 


irong do: L la khoang each giua cac lam ban kfnh lucrn cua mep coi. 
Ncu goi rj = r ch + S/2 va r 2 = r c + S/2 thay vao (3-14) ta co: 

1 


/ = 


L a 

--(r, + r 2 )cos — 


. a 
S1I> 2 


(.3-14a) 


Til cac cong thuc (3-12), (3-13) va (3-14a) chimg ta co luc uon a giai doan diu (giai 
doan uon tu do) nhu sau: 


o s b.S 


P.. = 


. a a 

sin - + ucos- 
2 2 


. a 
sm- 


a 


(3-15) 


L-2(rj + r 2 )cos ™ 


Tir c6ng thuc (3-15) cluing ta thay ring lire ud'n thay d6i thco hanh trinh cua chay. Khi 
hanh trinh cua chay thay d6i goc a/2 cung thay doi va do do thay doi ca canh tay don /. 

Neu bo qua anh huong cua lire ma sat (pi - 0) thi co the thay ring khi r ch = r c = r thi 
luc uon cue dai khi: 


cos — = [ L — VL 2 - 

2 4r V 


16r 2 


(3-16) 


Nhu vay theo cong thuc tren ngucri ta th£y ring khi khoang each tirong dtfi gifra cac 
goi tua (L/r) cang Ion thi luc uon dat gia tri cue dai vdi goc uon a cang Ion va sau do hau 
nhu khong doi. 

Vf du: Khi L/r = 10 thi a/2 = 78°; 

Khi L/r = 100 thi a/2 = 89°. 

6 giai doan ket thuc cua qua trinh uon thuemg cd qua trinh nin ma qua trinh nay can 
co luc 16n han nhieu so v6i cac giai doan truck: do. Nhi£u tai lien da dira ra cac cong thuc 
xac dinh luc khi uon co nin, my nhien ket qua tfnh loan theo cong ihurc nay da dan den 
nhung sai lech Ion bai vi chiing duqc dua ra khbng dua tren nhung tai li£u chuin thong nhat. 
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Theo nhung cong thuc nay chi co the xac dinh duqc gidfi ban trcn cua lire ruin, con v6 do 
chinh xac tmh toan theo nhung cong thurc khac nhau la rat kho phAn xu. 

Nhung tai lieu de xac dinh lire ndn cua B. V. Rabinhin da xac dinh rdng: lire ndn phu 
thuoc vao do chinh xac cua goc udn chi tiet sau khi udn co ndn. Theo quart diem nay lire ndn 
sc dat den gia tri tdi han khi ncu tiep tuc tang lire ndn thi do chrnh xac cua goc uon chi tiet 
khdng tang len nura, tuc la do bien dang dan h6i cua chi tiet giam di, 

Nhu'ng thi nghiem duqc thuc hien vdi nhung phoi thep co ban kfnh udn urang doi khac 
nhau da chi ra rdng: luc ndn tr£n cac phdn canh udn 16n han lire udn a giai doan udn tu do. 

Chdng han: - Khi r/S < 1, lire ndn ldn hen 50 * 60 lan lire udn; 

- Khi r/S = 5 -s- 10, lire ndn ldn han 30 4* 40 ldn lire udn. 

Nhu vay lire ndn phu thuoc vao luc udn 6 giai doan udn iir do: 

P„,n = kPu (3-17) 

trong do: k - he sd (so lan lire ndn ldn han lire udn). 

Khi tmh gan dung (thirdng lan han so vdi thuc te) lire ndn duqc xac dinh bang tich so 
giua ap luc dan vi q (duac xac djnh bang thuc nghiem) vdi dien tfch hlnh chieu cua bd mat 
tiep xuc giua phoi va dung cu len phuang vuong goc vdi luc tac dung (phuang chuyffn dong 
cua chay): 

P„un * q-Ph.chiSu (3-18) 

trong do: q - tip lire dan vi tuy thuoc vao chieu day cua phoi, doi vdi thep 25 va 35 till 
q = 30 4- 100 MPa (neu chidu day phoi cang ldn thi q cang ldn); 

F|vchieu " diSn tfch hlnh chieu cua be mat tiep xuc gitfa phoi udn va dung cu len 
phuang vuong goc vdi hudng chuy£n dong cua chay. 

Khuon dS udn mot goc co dac dr6m la chay thirdng duac lam bac con edi duac phay 
mot ranh a dinh goc. Do dai phan lidp xuc cua chay thudng lay * 1/3 chidu dai cua canh udn 
va chidu rong ciia ranh cdi: 

b = 2(r + S) cos ^ 

Khi do qua trinh ndn chi duac thuc hien 6 phan phoi da bi bififn dang deo (hinh 3.6) va 
luc ndn se giam. 

Khi khoang each gitfa cac goi tua nho, a giai doan ddu cua qua trinh udn co the xuat 
hien cac vet lorn tren be mat cua ph6i tiep xuc vdi cdi. Dieu do la do khi giam khoang each 
L cua cdi lam cho phan luc Q d gdi tua tang len. Chung la co the nhan thtfy dieu nay khi 
phan tfch cong thuc nhan duqc ttrdi^u kien can bdng momen n6i luc va ngoai luc vdi viec sir 
dung cac cong thuc (3-13) va (3-14a). 
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(3-19) 


0 = 


. c 2 « 
o s b.S sin- 


L-2(r, + r->)cos 


a 



Hinh 3.6. DAc diem ket cA'u cua khuOn u6n m<M gdc. 


Do do khoang each L cua ranh edi cin phai Idn Hon tri s 6 tinh loan gftn dung ihco 
cOng ihurc cua V. S. Smirnop ddi vdi phOi dai ed lift di£n ngang hinh chfr nhftt va chi£u rdng 
b = 1 dan vi: 


L > 


c c2 • a 

E.s sin — a 

———— 2(r, + r 2 )cos- 
10a s r t 2 


(3-20) 


irong dd: E la mddun dan hdi cua vat li£u lam phoi u6n. 


3.3.2. Lire bien dang khi uon hai g6c 

D£ nh&n duoc cac chi ti£t ed dang chu U hoAc 
nrang tu sau mOt nguyfcn cong vdi cac tiet di£n ngang 
khac nhau ihi ph6i ihirdng elude uon d6ng ihdi 2 goc 
u6n. Dae diem cua qua irinh u6n hai goc la giua cac 
mai ben thang dumg cua chay va edi co khe ha Z = (1.1 
+ l.3)S. Khe ha nav khong thay ddi irong suO'l qua 
irinh uOn. con phan ph6i nam dudi bd mai nim ngang 
cua chav thl khOng nep xuc vdi chay ma bi ldi ra (hinh 
3.7). Ngoai ra khi uon hai goc ngoai luc lac dung len 
phdi lai hai di£m ii£p xtic giua phoi va chay, khi do 
canh lay don udn nho hem so vdi khi u6n m6t gdc. 



Hinh 3.7. Sa d6 udn hai gdc 
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Do vfiy khi xac dinh lire udn hai goc chung ta cin phai t/nh den nbung dac diem nay. 
Khi t&m ban kmh luan cua mep lam viec cua chay va col cung nam tren mat phang ngang 
chung ta xac dinh dirac canh tay don uon (hinh 3.7, tam giac abc): 


a 


I = (r, + z + r, h ) sin - 


(3-21) 


Ket hap giai cac phuong trinh (3-12), (3-13) va (3-21) chung ta co luc udn hai goc khi 
uon phoi dai tiet dien ngang hinh chur nhat nhu sau: 


a 


a 


P u = a. 


b S 2 Sin 2 + J.LCOS-- 

2 x • a 

(r c + z + r th ) sin ? 


(3-22) 


Luc uon thay ddi theo hanh trinh cua chay, no phu thuoc vao goc a/2. Khi bru d3u qua 
trinh uon a/2 = rt/2 va lire uon se la: 


P,.= 


a s b.S' 


2(r, + z + r lh ) 

Khi goc uon a/2 giam, lire uon se rang va khi a/2 - 3°; )i = 0,2 thi luc uon se la: 


(3-22a) 


P u = 


4,8a s b.S" 


(3-22a) 


Tuy nhien khi a/2 = 0, nghTa la chi tiet co dang chur U, lire cua may ep chi cin thing 
luc ma sat sinh ra do su truat cua chi tiet trong ranh cdi. Neu uon hai goc trong khuon co 
chan phoi a phin giua thi luc cua may ep edn phai lhang duqc ca lire chan ma lire chan ph6i 
thudng bang (25 + 60)% lire uon. Do v$y lire cong nghd se la; 

P cn - (1,25-5- 1,60)P U (3-23) 

Khi can udn cac chi tidt co db chfnh xac cao phSn chidu day phoi 6 day n3m ngang thi 
cin phai Unh dfin qua trinh ndn sail khi udn. Luc ndn khi do se duac tmh nhu sau: 

Pnan = qFcb (3-24) 

trong do: q - ap luc dan vi; 

F ch - dien tjch tiep xuc gifra phoi va tim chan. 


3.4. BIEN DANG DAN HOI KHI UON. CAC PHtfONG PHAP GIAM BlflN 
DANG DAN HOI 

3.4.1. Bien dang dan hoi khi uon chi tiet mot goc 

Qua trinh udn deo cung giong nhu nhtfng dang khac cua qua trinh bien dang deo la 
bao gom ca bien dang dan hoi va bidn dang dan hdi nay se g£y ra su thay ddi hinh dang va 
kfch thude cua chi tiet sau khi udn so vori hinh dang va kich thude cua khuon nhu: ban kinh 
udn va goc udn (hinh 3.8). Sd di co su dan hdi nhu vay la do khi co tai (ngoai luc) tac dung 
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len phoi, cac ldp kim loai n^m a vung keo c6 bien dang dan h6i ntn bi co ng£n lai v con cac 
Icfp kim loai a vung nen thi bj gian ra. Bi£n dang dan h6i khac nhau tai vung keo va vung 
nen gay ra sir quay ti£t dien ngang cua ph6i va tao ra goc dan h6i Aa lam cho ban kfnh cong 
va goc uon bi lhay dpi. 


Ovhi liel 



flinh 3.8 . Sir bien dang dan h6i khi u6'n. 


Bien dang dan hoi c&n phai duac tinh den khi xac dinh kich thubc lam vice cua khuon. 
Di£u do se loai trir duac viec nan lai bang tay sau khi dap. N£u biet duac cac si so dan h6i 
va dac diem cua su thay d6i ban kfnh u6w va goc uon ihi chiing [a co th6 xac dinh duac cac 
kich thirdc lam viec cua khuon: 

r th — hl/hoi — Ar tier ~ Ar (3-25) 

etc = ± Aa = a, hj t , et ± Aa (3-26) 

E. A. Popov da giai bai loan dan gian nhat de xac dinh bien dang dan hoi khi non deo 
thuan tuy ph6i dai rdng bang vat lieu d6ng nhat khong hoa b 6n voi ban kfnh uon dii Ion (khi 
do anh hiring cua ung su£t nen hiring kinh o p co thi bo qua vl tri so cua chung tuong doi 
nho): 

Aa = 3 ~c~ ~*c~ + 1 ] a u 0-21) 

b s ) 

trong do: a u la goc uon bang (180° - a). 

Khi giai bai loan da sir dung gia thuyet mat ck ngang vdn piling, ly thuyet pha huy 
cua A. A. Inlusin va clinh luAt Hue (Hooke). Bien dang dan hoi cua phan phoi khong ticp xiic 
voi chay khi nSn da khong duac tinh den. 

Su chap nhan trong viec phan tfch nhung gia thuyit lam giam do chmh xac tfnh toan 
trong cong thuc (3-27), vi the no chi thich hap de danh gia su anh hiring cua cac yen to d£ih 
bi^'n dang dan hoi khi u<5n, Vi du cac kim loai mau (hap kim nh6m) co gidi han chay gan vdi 
giofi han chay cua thep nhung co modun dan h6i nho (nho han 2 3 13n) so vdi thep, dp co 
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gian cua thep cang ldn bien dang dan hoi cang tang cung vdi viec tang ban kfnh u6'n tirong 
ddi r/S, goc udn a u = (180°- a) va o s (khi E - const). 

Vi£c giai bai toan di xac dinh bien dang dan h6i khi udn bdi momen uon 6 giai doan 
udn deo thu£n tuy phing co ttnh ddn sir hoa b6n ciia kim loai da duoc E. N. Mosnhin thuc 
hi£n. Cac cong thuc co dang: 

- _ r ch __£ch.t 

di S 


^ r V 

l + 2m — r th . ( 


(3-28) 


J 


Aa = 


a 


ch.t 


1 + 2m — f 
E 


(3-29) 


ch. 


trong do: 


r.i 


= itii 
S 
r. 


ban kfnh udn urang ddi cua duty; 


r ch t = “rr - ‘ban kinh udn tirong doi cua chi tiet; 
m = K, + -—-— momen udn tuong doi; 

^^ch.t 


Kj = — - he so prof in tiet dien ngang cua phoi; 
K 0 = — - he so hoa ben cua kim loai. 


He so profin tiet dien ngang Kj doi vdi hinh chu nhat va hinh vuong hoac thep goc 
K] = +1,5. Doi vdi thep tron K, =+1,7. Ddi vdi thep chu U va thep chur I thi - +1,8. 

Cong thuc (3-28) co th £ bien ddi cho trudng hop uon phoi bang kim loai khong hoa 
ben (E* = 0 va K t> = 0) co tiet dien ngang hinh chu nhat (Kj = 1,5). 

- ^ch I 


= 


1+3°* r cht 


(3-30) 


Co the sir dung cong thirc (3-27) va (3-29) khi uon bang momen vdi ban kinh uon 
tirong ddi ldn (r > 5S + 1 OS) tuc la khi do a giai doan ket thuc qua trinh uon co qua trinh nan 
(hinh 3.5d). 

Qua trinh udn a trong khuon do tac dung cua cac luc ngang tac dung vao phoi a giura 
cac goi tua. Tuy nhi£n tmh quy luat khi udn bang mdmen vdi mire d6 gan dung co thi sir 
dung nhir la khi udn bang cac luc ngang (di6u do da duoc xac dinh bang thuc nghiem) tru 
khi udn vdi ban kinh udn nho, gia tri cua bien dang dan hdi tirong ting vdi giai doan udn deo 
thu&n tuy vdi trang thai bien dang khoi. 
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Khi ban kinh non urang ddi nho thi sau khi c 6 su ticp xuc cua phoi vai mat ben cua 
chav (hinh 3.5c) n£u chay Iicp tuc di xutfng sc xuy ra dong that quit truth giam ban kinh u6n 
tat vung tam ph&i va qua trlnh ndn phan canh cua no. Sau khi bo ngoai lut\ do bicn dang dan 
h6i a vung tam phoi ticp xiic vai ban kinh cong cua chay lam cho goc u6n giua cac canh u6n 
tang l£n. nhirrig do su nan thang cua cac canh u6n lam cho g6c u6n giam di. Sir giam goc 
u6n gifra cac canh lii khi bo tai trong t«1c dung, cac lcfp hi keo cua canh u6n bi co lai. con cac 
lap bi nen lai gum din ra, do do goc u6n ban diu bi giam di Dang dan h6i nhu vay dirge ggi 
la dan h6i “am”. 



With 3.9. Quan Ite giira goc dan hoi va ban kinh utfn tirang doi: 

Duang Iten net: cac s 6 lieu ihuc nghtem cua B. V. Rabinhin; 

Ducmg chim gach: theo cac s6 lieu ly thuyd't cua U. G. Kalpin va I. A. Norirsin. 


NhCrng nghten am ly iliuyei khi uO'n veri ban kinh lirgn cua chay nho 6 cutfi qua trlnh 
uon co qua trlnh nan cac canh cua ph6i da chi ra rang: khi u6n goc dan h6i dirge xac dinh 
bang hicu s 6 giua goc dan H6i a phitn tam phoi va goc dan h6i cua phan ednh cua no: 

Act = Aa^ - Aa c 

Can phai xac dinh rang sir dan h6i Am se tang ten khi giam ban kinh uO'n va tang 
khoang each giua cac goi tua cua phoi. Tir nhung phAn rich ly tliuyei chiing la co duoc c6ng 
thuc xiic dinh ban kinh. lugn cua chay khi Aa f = Aa cjinh nghla la Aa = 0. nhu sau: 

a 


r. k = 


La T - n.S(7i - a)sin 

_ i 

3a T ( n - a)sin — + 6a T cos - 
2 2 


(3-31) 
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B. V. Rabinhin da nghien curu bing thuc nghiem de’ xac dinh goc dan h6i khi uon mot 
g6c cic kirn loai den v6i ban kfnh uO'n nho vi da chi ra rang: lire uon chi anh hirong den goc 
dan hOi den m6l thdi di&m hoan toan xac dinh. c6n sau do neu ting lire utfn, goc dan h6i 
cung khong bi anh hudng. Nhung thf nghifcm da xac nhan rang: tu£ thuOc vao ban kfnh utfn 
tirong ddi r ch ,, sir dan hoi co tho la duong neu nhir sail khi bo tai trong goc cua chi ti£t u6n 
ling l<in. khi d6: a u0n = a ch , - Aa va sir dan h6i se la am n£u nhir sau khi bo tai trong gcSc 
cua chi lift uon giam di va khi do a u<in = a Lh t + Aa. Ngoai ra cung phai xic dinh ring su dan 
h6i cung se khong c6 khi Aa = 0 va do do a uAn = a vh f . Su thay d6i cua g6c dan hOi Aa phu 
thuOc vio ban kfnh u6n tirong d6i cua chayTj, duac btffu diln tr£n d6 thi hinh 3.9. Tu d6 thi 
quan he nay la c6 the nhin thay rang khi ban kfnh non tuang dtfi7 uh tang va goc uon cua chi 
ti£t a ch/1 giam thi goc dan h6i Aa ting va doi v6i mOi gia tri goc cua chi tiet co mot gia trj 
ban kfnh uOn tuang doi d 6 Aa = 0 nghla la khong co su dan h6i. Gia tri cua ban ktnh u6n 
luerng doi nay duoc goi la gii tri ban kfnh uOn tirong dO'i t<5i iru. Qua do thi ta nhan thiy ring 
cac sd lieu ly ihuyet va sO lieu thyc nghiCm tirong doi trung nhau. 


3.4.2. Bien dang dan hoi khi uon chi tiet hai goc (dang chur U) 

Khi uon hai goc tu do, nghta la uOn voi cOi co 16 thong vi khong co tarn chan-diy, khi 
d6 phOi se bi u6n cho den khi 2 diu cua no cham vao mil ben cua chav. Khi do goc u6n se 
nho hon nil mot lucng Aa cOn ban kfnh uon r ch , co th 6 sc Ion hon ban kfnh luon cua chay 
r ch (hinh 3.10a). D6ng thOi voi qui trinh u6n 6 hai g6c se co qua trinh u6n cong phan giua 
cua phoi (phin nim duoi be mat cua chay). Neii khe ho giua chay va edi cang Ion thi goc Aa 
cang Ion va phin 10i 6 giua phoi cung cing Ion. Khi bo tai trong tat ca cic phin tu cua chi 
net, cac phin phOi 6 gitra, cic cinh uO'n vi cic phin tir a goc dthi bj biCn dang dan hOi. 

Khi u6n hai goc co chin phoi 6 mat diu cua chay (hinh 3.10b) phan giua cua phoi 
khOng bi bi£n dang, khi d6 goc dan hOi co th<2 coi nhu bing tOng cac. g6c dan hOi cua phan I 
(phin xung quang mep luon cua chay) vi phin 11 nam trong khc ho giua chay va cOi. 





Hinh 3.10. So d6 u6n hai goc: 

a. khong co chan phoi: b. co chan ph6i; c. co chan phoi 6 giai doan cuOi. 
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vSu bi£n dang cua ph;in 1 se ket ihuc lai ihoi didm khi tam bin kfnh ltran cua chav va 
c6i (r ch va r c ) a cung mOt muc nim ngang (nhu trdn hinh ve 3.10b). Xua't phat tCr nhung gia 
ihtet nay V T. Meserin va A. R. Ilin da dua ra loan dd de xac dinh gdc dan hdi idng khi uon 
chi iiei 2 gdc dang chtir U. Trinh iir sir dung toin d6 duoc chi bdi cac mui ifcn irdn dudng din 
cua loan dd (hinh 3.1 la). 


r C h = W s 



Hinh 3. Ha, To;in dd de xac dinh goc dan hoi t6ng khi ud‘n chi lift dang chir U. 


Tu todn dd chiing ta co th 6 nhftn tha'y ring: goc dan 
h6i Aa sc gium khi ban uon tuong ddi 7 ch va khe ho Z 
giam. 

N£u bid't ducfc gia tri cua goc dan h6i Aa, cung 
giong nhir khi udn mdt gdc chiing la co thd didu chinh (bu 
iru) kich thudc gdc cua khudn. Vdi muc dich nhu vay, khi 
udn chi lid't dang chu U. 6 phdn mat d5u cua chav ngudi ta 
Jam ranh 15m ridng, gdc nghieng cd iri s6 bing Aa va tidp 
tuydn vdi phin ban kfnh luon cua chay. C6n udn t&tri chan 
ngudi la lim ph&n 16i tirong urng vdi ph&n lorn cua chiy 
(hinh 3.11b). 



Hinh 3.11b. 
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Vide u6n d6ng thdi 2 g6c chi tid't dang chfr U neu tr£n thircmg duac slt dung khi 
khoang cich giura cac canh u6n nho hail (6ng chi6u dai cua chung: 

/ </, + / 2 

Neu khOng dam bao dieu kien nay thi ngirai ta thuc hien uon luan tu tirng g6c mot. 

3.4.3. Cac phtfdng phap giam bien dang dan hoi khi uon 

VUM trong nhCmg phirang phip giam bie'n dang dan h6i khi uon chi net mOt goc la lhay 
d6i k£t ciu cua chi tid't u6n, vi du nhi i thiet kc them cac gin tang cOrng cit ngang duemg uO’n 
(hlnh 3,12). Cac gin ting cumg sc kim ham 
bie'n dang dan h6i cua chi ti£t khi bo tai, gop 
phin lam giam g6c din h6i. 

Mat phirang phap khac lam giam bi£'n 
dang dan h6i khi uon la sir dung cac b6 
khuon va may die biet chuyen dung. Cac bo 
khu6n va may uon chuyen dung nay lam cho 
phOi khOng chi bj uOn mi cOn bi keo hoic bi 
nen doc theo true ph6i bdi cac lire doc true. 

Mot Lrong nhirng phuemg phap lam giam bien 
dang dan h6i khi u6n hai goc chi tifit dang 
chO U la giam khe ha gitfa chay va c6i. G6c dan hoi si giam di khi uO'n vdi khuOn c6 khe ho 
Z nho hon chieu day cua phoi (Z = 0,9S). Tuy nhien khi do se xui't hien ap lire phap tuyen 
cao len be mat cua khuOn. din den sir bam dfnh cac hat kim loai len be mil khuon do do lam 
cho chi tiet bi xiy xirdc, giam chit luang be mat cua san phim. De ngan ngira hien lircmg 
nav, cin phai sir dung cac chit boi iron co hieu qua vai cac chat ddn thsch hap va khu£m cin 
phai duac ma crom. 

3.5. BAN KINH UON NHO NHAT CHO PHEP 

Ban kinh u6n nho nhit cho phep duac xic dinh tren ca sa dam bao <06 ben cua cac th6 
kim loai ngoai cimg cua ph6i uon tai vung keo. Khi u6n cac phoi rOng. su mit cm dinh cua 
cac th6 ngoai cimg thuerng giy ra cac vet nut; c6n ddi vai cac phoi dai hep ihuang c6 cac vet 
nut a vung keo hoic cic nep nhin a vung nen; d6i vai cac ph6i cimg va gion co the bi din, 
giy tai vung u6n. 

Ban kinh u6n nho nhit cho phep phu thuOc vao tin-h deo va tinh di hudrng cua vat lieu 
ph&i, chieu day $, chit luang be mil va trang thai m£p cit cua no. Ngoai ra phirottg phap 
lion, tri so goc lion va chilu rOng cua phoi cung c6 anh hirang den gia tri cua ban kinh uon 
nho nhit cho phep. 



Uinh 3J2. Chi tie't u6n co gin ling cimg. 
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Co nhieu c6ng thurc de xac dinh ban kinh utfn nho nh£t cho phep, trong do co mot 
cOng thuc dugc xac dinh tren co so gia thi£t rang: mure d6 bi£n dang cho phep cua lop ngoai 
cung tai vung keo khong virot qua bien dang tuong ddi trung binh khi keo, co dang: 


1-2SP 


= 


(3-32) 


S 2T 

Khao sat trang thai urng su£t va bitfn dang tai 6 bitfn dang khi udn ph6i dai rong (hoac 
ta'm) ngudi ta da xac dinh dugc rSng bi£n dang ngang cua no rat kho khan do cac lop ngoai 
ciing cua vung keo bi bien dang trong dieu kien bi keo hai chieu. Vi the dieu kien khi dua ra 
c6ng thurc (3-32) la khOng phii hop. 

G. A. Smirnov-Aliev da dtra ra cOng thuc de xac dinh cac ban kinh udn nho nha't cho 
phep r min m6t each chmh xac hon ddi voi kim loai dang hirdng co tfnh dtfn so do khong 

tuyen tinh cua trang thai ung suat tai 6 bien dang. Sir dung h£ s6 d6 cimg cua so do trang 
thai urng suSt: 

O j + O 2 O ^ 


Tac gia da xac dinh tren co s6 thirc nghi£m quan he dircrng cong (phi tuy£n) cua cudng 
do bien dang thirc (8;),^ voi nhOng so d6 khac nhau cua trang thai ung suat (tire la v6i 
nhung ri* khac nhau) v6i bien dang pha huy khi keo thuan tuy 

(e i ) l h,c = 2.(E i ) kd(> ,e- 0 - 72n ’ 

trong do: 

1 


(£i)keo= In 


(1-nJ 


- 0,47 


-1 


Ket qua nghicn curu da dua ra dirge c6ng thirc d6 xac dinh ban kinh uon tuong doi nho 
nhai cho phep nhu sau: 




rmn 


L-0,5(1 -T kth ,) 


- 0,47 


Doi voi kim loai di hudng he so do curng cua so d6 trang thai urng suat co dang: 

1 - r 9() 


(3-33) 


n = 


V “ r 90 + k r 9n) 


trong do: u ){) la he so bien dang ngang cua mSu duoc cdt ra tu tain theo phuong vuong goc 
voi thd can. 

Tir cOng thurc (3-33), U. M. Anrsenxki da dua ra cong thuc de xac dinh r mm nhu sau: 

o,5d -T k6 ,r T 


- _ "mm _ 

r min g 




(3-34) 
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Tq - he so bidn dang ngang cua mSu duoc cat ra tvr tarn doc theo huong can. 

Trong cong thurc (3-34) da tmh ddn khong chi dac trung ve tinh deo ma con ca dac 
trung ve tfnh di hudng cua kim loai, khi tq - = 0,5 thi cdng thurc (3-34) se lai co dang 

nhu cOng thue (3-33). 

Khi tmh loan theo cac c6ng thurc (3-33) va (3-34) ap dung cho mot s 6 tdm hop kim 
dung trong nganh che tao may bay nguoi ta da thay rang neu tmh den sir di huong cua kim 
loai thi se nhan duoc sir trung hop gan nha't giflra cac so liSu tmh toan va so lieu thuc nghidm. 

Di thuan tidn cho vide tinh toan theo 
cong thurc (3-34) cung nhu tinh den anh 
hiring cua tinh di hucrng cua kim loai den 
ban kinh uon nho nha't cho phep ngudi ta da 
xay dung thuat toan de tmh r min (h'rnh 
3.13). Tir toan do nay chung ta co thd thay 
ring: tuy thuoc vao ty sd dac trung di 
huong r { * va r 9 * 0 (khi v V k€o khdng doi) r min 
co thd thay ddi tir 3 + 4 lan, vi vay dd uon 
voi ban kinh nho can phai sir dung kim loai 
ding huong co he s6 bien dang ngang nho 
r ( ) = rj 0 < 0,2 vcri he sd du ldn. 

Chieu rong cua phdi cung co anh 
huong ddn tri sd ban kinh uon nho nhat cho 
phep, khi chieu rdng phdi cang lcfn thi ban 
kinh uon nho nhat cho phep cung cang ldn. 

So dT nhu vay la do khi chieu rong cua phdi 
tang ldn, ung suat keo huong true o z tai 
vung keo cung tang ldn, do do lam giam tinh deo cua kim loai. Uhg suat keo huong true o 2 
phan bo theo chieu rdng cua phoi khdng ddng deu: 6 mep ngoai cung o z = 0 va dat gia tri 
cue dai 6 giura chi^u rdng phdi. Dieu do co the giai thich su xua't hien nhfrng vdt nut 6 gitfa 
chi tiet khi udn ma khong phai 6 mdp phoi cung nhu su hinh thanh dang ydn ngua tai vung 
udn cua chi tiet (hinh 3.14). 

Ngoai ra phuong phap dat phdi vao trong khudn cung co anh huemg den tri sd ban kinh 
udn nho nhat cho phep. Ndu nhu phdi duoc cat bang khudn, dat vao trong khudn udn sao cho 
chidu ba via huong ve phla chay thi khi udn chung se bi nen lai va do do ngay ca khi ban kmh 



Hinh 3J3. Toan dd de xac dinh ban kinh 
udn cho phep tuy thuoc vao tinh chat co 
hoc cua vat lieu phdi. 



uon nho cung khong bj nut. Ngupc lai khi dat phoi vdi chi^u ba via vd phfa coi thi khi uon cac 
ba via nay se bi keo dirt lam xua't hi£n nhung vet nut. 



Hinh 3.14, Sir phan b 6 ung suat keo hudng true a z theo chieu rong cua phoi khi udn. 

Sir hoa ben cua kim loai xay ra trong qua trinh cat phoi cung co anh hudng den tri so 
ban kinh uon nho nhit cho phep. Trong trudng hop nay, ddi khi su hoa bin la nguy£n nh<\n 
xu£t hien nhftng v£t nut khi uon do tfnh deo cua vat li£u ph6i bi giam di. Khi do hoac la phai 
u phoi di phuc hoi tfnh deo, hoac la thubng hoa, hoac la phai loai bo lop kim loai da bi hoa 
ben bang phuong phap got trong khuon. 

Bang thuc nghiSm ngirdi ta da xac dinh duqc rang: doi vdi nhung kim loai dupe 
sir dung rong rai nhat trong chi tao may thi ban kinh uon nho nhat cho phep thay ddi 
tir (0 4- 8)S. 

Ban kinh uon nho nhat cho phep chi co tac dung d nhung mep cua cac kit cau quail 
trong, con nhung trudng hop khac thuOng lay tang len tir 10 4- 20% ban kinh udn nho nhat 
cho phep. 

3.6. u6n prophin va 6ng 

Viec sir dung cac ta'm can prdphin tir phoi tam hoac phoi bang thay cho cac loai thep 
djnh hinh dupe can nong true tiep da cho phep lam giam dang ke khoi lupng cua cac chi tiet 
dupe che tao tir nhung loai thep hinh nay va ca nhung bo phan may khi lap rap. 

Cac tam prophin co hinh dang va kfch thude da dupe tieu chuzin hoa theo lieu chu^n 
nha nude co thi dupe che tao bang phuong phap uon trong khuon van n&ng hoac tren cac 
may u6n ta'm (may san) hoac tren cac may u6'n ta'm co dam quay hoac tren cac may uon loc 
prdphin. Tiet dien ngang cua cac tam prdphin co rat nhieu loai khac nhau (hinh 3.15). 
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lLCJVVcGc 

A d—b 

g=j|. 

Hinh 3.15. M<M s 6 lift diin ngang cua cac tam prOphin. 



Viec chi tao cac tim prOphin theo phucmg phap nao tuy thu6c vao hlnh dang* kich 
ihirdc chiiu day vat liiu va loat san sudt cua nd. Trong san xudt loat nho cdc idm pr6phm c6 
kich thudc lorn vd trung binh dupe chc tao theo 
phirctag phap uon ldn I urn cac phdn tir iren cac 
may ud’n tint (mdy sin) hoac trin may u6n idm Nguy6nc6ng/-2 
co cOng dung die biet (hinh 3.16 nguyen cOng 
l *■ 8). Trong san xuil hang loat lem vi hang 
kh6i (chang han nhir san xuit 6 t6 du lich). Cac 
lim profin mong c6 kfch thudc nho dirge chi tao 
bang phucmg phap uon [6c tren may uon prOfin. 

Cac loai tam pr6fin bao g6m cdc loai lim can 
hinh, cac tim utfn song (tam lop) va cac loai 
profin co c6ng dung dac biit dupe chi tao tir 
nhung phOi cuOn co chicu diy tu 0.5 ▼ 0,8 mm 
va chiiu r6ng tir 30 1500 mm. Cac loai vat lieu 

nay thirftng la thep cac bon va thep hap kim 
thip. Viec sir dung cac tftn prdfin loat nay thay 
cho cac loai thep can hinh can nong da dem lai 
hieu qua cao. 

Qua trinh u6n cac ph6i tam prOfin va ph6i 
6ng voi chiiu day thdnh tuong doi nho se rat kho 
khan do sir mft 6n dinh a vung nen tao ra cac 
nip nhan v& kha ndng ihay d6i gdc giua cac 
canh khi u6n phOi profin dang chu U* ngay ca 
khi u6n voi bin kfnh u6n Ion thi biin dang dan 
hoi cung rat 1cm. Vi vdy khi uon cdc phCi prOfin, 


Hinh 3.16. Vi du uon Idn lupt cdc phdn 
i lt cua (dm prdphin tren mdy uin tdm. 


Ill 




cac loai thep can hinh (thep goc, U, I...) vA cdc loai ong ngirai ta thudng su dung cac loai 
ihiet hi va d6 ga chuy£n dung thfch hap cho timg loai phdi khac nhau. 


3.6.1. Uon tren cac may co ban quay 


Cac ph6i tAfm prdfin c6 lhAnh mong • 2 1*5 67 

thudng duqc udn tren cac may chuyfcn dung 
lam viec iheo nguyen ly cudn ph6i. So d6 kdt 
cau cua may udn prOfin de* udn cac chi tiet 
vien, nep cdc cua cua 6 to duqc chi ra tren 
hinh 3.17 May co ban quay 1 va xilanh khi 
nen hoAc thuy luc 6, tren ddu cua edn pit6ng 
5 co con lan udn hoAc mieng ep 4. Tren ban 
may co kep chat banh duang 3, hinh dang va 
kfch thude cua bdnh duang tuang ung dufrng 
bao trong cua chi tiet can udn. Mot ddu phdi 
duac kep chat vao banh duang nha ca cau 
kep 2, sau do ban 1 quay va con lan 4 (hoAc 
mieng ep) ludn ludn ep chat phdi vao duang, 

sau do giam ap lire trong xilanh, con lan 4 (mieng ep) se tach ra tra v£ vj trf ban ddu nhd 16 
xo nen 1. Thao ca cA'u kep 2 va lay san phAm ra khdi duang. 



Hinh 3.77. .So d6 cua may udn prOfin 
co ban quay. 


3.6.2. Uon co keo 


Ban chat cua qua trinh udn c6 keo la ngoai mdmen udn ngoai lire tac ddng vao phoi 
nguoi ta c6n dat vao phoi nhtrng lire keo doc true, luc keo ndv se lam giam mdmen udn Khi 
d6 dq chfnh xac kfch thude cua chi tiet udn phu thude vao mure dq bien dang dan hoi cua no 
se duqc nAng cao ty lc vdi sir giam mdmen udn. Quy luAt nay cd the xac dinh nh6 edng thuc 
bieu dien quan he giua mdmen udn M va lire keo doc true N a giai doan udn deo thudn tuy 
khi udn phoi co chieu rdng 1 dan vi. 


M = a s . 




Phan tich edng thuc tren ta co the thAy rAng: khi tang luc keo doc true N thi mdmen 
udn ngoai lire M se phai giam di. So dd udn co keo dirqc bieu di£n tren hinh (3-18a). 

Khi giam mdmen udn M se lam cho bien dang dan hdi cua phdi giam di. khi gid tri 
cua mdmen udn bang khong (M = 0) thi tat ca cac lap cua phOi se chi co lire keo. Khi dd sau 
klu bo tai phdi chi bi bien dang thing (bien dang tuytfn tinh) con bie'n dang gdc thuc te hdu 
nhu khdng co. Lire la dd chfnh xac kfch thu6c cua chi tiet udn se tang len. 

Trong san xuAt hang loat va loat nho. chAng ban trong edng nghidp hang khdng. qua 
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tr'inh udn c6 keo dirge ap dung de chtf tao cac chi liet dang cung cong, dd ihoai ddc Idn va 
trung hlnh bang cac tim phdi duyara vi nhOm mong (khung may bay, cac dai khung 
ngang..O. 




Hlnh 3.18. So d6 uon co keo doc true: 
a. so d6 qua irinh udn; b. so d6 may udn co keo. 

Ubin co keo doc true (hlnh 3 18b) dirge tifn hanh trdn may chuyen dung, phdi dirge 
keo so bd trude khi udn va dime uon cd keo xung quanh dirdng. Duong co hlnh dang va kfch 
thude giong nhu cua chi tici. May bao gbm ede xilanh thuy lire d£ keo 1, gia quay 2, xilanh 
thuy lire do quay gia quay 3. din hudng 4. cac tav don 5, dirdng udn 6, gia dd 7, sail ga kep 
8. Qua tr'inh lam vice cua may duoc tu dOng hoa hoan loan, cd the’ di£u chinh dO uon mOt chi 
liet nao do theo mot chtrong irinh da lap sin 

Khi uon cd keo, sir dan hoi cua chi Liet la rat nho khdng dang kO, tuy nhiOn no khdng 
thO trict tieu hoan toan bdi vt su bifn dang cua cac ldp 6 ben trong va ben ngo&i cua phdi la 
khac nhau, vi th£ sir hoa bdn cua cac ldp kirn loai nay cung se khac nhau va anh hudng dOn 
bien dang dan hoi. 

Trong san xuiVt hang loat ldn va hing khdi, udn co k£o nlurng chi lift tuong ddi nho cd 
the’ duoc [hire hien trong khudn (hlnh 3.19a); dac diOm cua bd khudn la cd 2 diu trirert bOn 3; 
nhCmg dSu truot niv se citng vdi edi 1 dich chuy£n xudng phfa dudi va phdi 2 lira 16n nhfmg 
diu truot do khdng chi hi udn ma con bi keo theo hudng doc bdi cac lire ma sat tiOp xuc. 

Ngoai ra ngudi ta con sir dung phuong phap udn cd nen doc true cac phdi dinh hlnh 
trong khuon. So dd cua khudn nay tren hlnh (3-19b). Phdi duoc dit tr£n cac gdi tua quay 2, 
sau dd chung se dirge ha xudng cung edi 1, phdi se duoc udn theo chay 3. O cudi hanh tr'inh 
phin mep cua phdi tua vao vai tua 4 cua dtf khudn dudi va do dd khi edi I tiep tuc di xudng 
se sinh ra lire doc true dd nen phdi. 

Tac dung cua lire nen doe true khi udn cd non cung tuong tu nhu tac dung cua lire kdo 
doc true khi udn co keo. Chung sc lam giam mdmen edn thiet dd udn deo phdi vi do dd n&ng 
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cao dd chinh xac kich thudc cua chi tiet urin. Khi urin c6 nen doc true b^ mat cua ldfp trung 
hoa ung suat se djeh chuyrin v£ phfa mat I6i cua phdi va khi ung suat n£n bang c s ihi matt 
trung hoa urng suat trung vdi mat ngoai cua ph6i. 

Ngoai viec nAng cao dd chinh xac kich thudc cua chi tiet udn, khi udn c6 nen c6n cho 
phep nhan duoc nhung chi tiet udn hai gdc (dang chu U) vdi ban kfnh udn nho. Neu ung suft't 
nen dat duoc gia tri o s ihi co th£ nh$n dugc ban kfnh uon nho lion chi£u day plioi (mat 
ngoai). 



Hinh 3.19. So d6 khudn uon co keo (a) va nen (b). 


3.6.3. Uon ong 


Khi uon ring vdi ban kfnh tuong doi nho thuring co dac diem rieng hen quail den su 
mat 6n djnh cua phdi tai vung nen lam xuA't hi£n nhfrng nrip nhan Ban kfnh udn tdi han la 
ban kfnh ma khi do phdi udn b trang thiti gidi han cua sir mat 6n djnh, no phti thude vao 
chi£u day tuong doi cua thanh ring, tinh chat co hoc cua vat lieu, ban kfnh udn, do bien 
mong cho ph6p cua thanh ring, dd 6van cho phep cua net then ngang tai viing udn v.v... Mrit 
each gin dung, ban kfnh uon tdi han tuong doi cua ong ma vdi ban kfnh nay se khdng xuat 
hien nep nhan, co the xac dinh theo edng thuc thuc nghi£m: 


; - Inim. = 9 0 2 —— 


(3-35) 


trong 66: 

D ng - during kfnh ngoai cua ring; 

S - chi<!u day thanh ring. 

Tinh toan theo cOng thuc (3-35) co the tha'y rang khi lhay drii chieu day tuong drii cua 
thanh ring S/D ng tir 0,01 + 0.1 thl ban kfnh urin tdi han tuong drii cua ring lhay drii tir 4,1 -s- 3.0. 
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Ngoai su tao nep nhan, khi udn 
dng con xay ra sir thay d6i hinh dang 
mat cit ngang tai goc udn cua dng; su 
ihay ddi nky c6 the* coi nhir la mot 
trong nhung dang mil On dinh. Tiet 
dien ngang trOn ban d4u sc trd thanh 
dang 6van. 

D(> Ovan cua tidt didn ngang dng 
dude quy dinh luy theo lieu chuin 
nganh. Khi ban kinh udn Idn, sir sai 
lech giua hai dufcmg ktnh tat vung udn 
cho phep khdng Idn han 8 + 10% con 
khi udn vdi ban kinh nho tht khdng Ion 
hem 20%. 


Hinh 3.20. Dung cu d$ udn dng theo 
phuang phap cudn. 


Khi c4n thitfl phai non dng v6i 
ban kinh nho ngudi ta sir dung nhung 
phuang phap udn khde nhau ching han 
udn bang phuang phap cudn cd loi 
nim trong dng. 

Qua trlnh udn theo nguydn lv* 
cudn dupe sir dung rdng rai d£ eh € tao c£c ph&n tir cua cue hd thdng 6ng dan v& cac chi lift 
khac nhau bang cac phdi dug c6 thanh mong vdfi duong kinh tir 10 + 300 mm. So dd cua 
phuang phap udn nay duac bidu dien tr£n hinh 3.20 bao gdm: con Ian duong quay 1. cite 
midng kep 4 va 5 dd giu va dinh cu cho I6i 2 va midng kep lira 3 Bd dung cu thay thd nay 
duac dat trOn may udn dug chuyen dung. Banh dudng 1 duac kep ctfng tren true chmh cua 
may. 



Phdi la mdt doan dug duac lap vao loi 2 va dai vao cu phdi vdi mdt kich thude ydu cau 
da duac tinh todn. Sau do phdi duac kep chat trong ranh cua dudng 1 nho c4c midng kep 4 
v& 5. Khi md may dudng 1 se quay vdi mdt goc udn cin thiet rdi dung lai. khi do phdi se 
duac cudn vao dudng 1 dong ihdi voi vide rut ra khoi loi 2. Loi 2 duac cd dinh tren than 
may Micng kep 3 bi keo theo boi luc ma sat va dich chuydn cung vdi ph4n thing cua dng. 
ddng that giu va ep dng vao con lan dudng 1. Prdfin cua ranh lam vice cua con lan dudng 
duac lam bang nifa cung iron vdi mep luon iron nho va cd ph4n Idi ra qutf ntra dudng iron. 
Vdi hinh dang cua ranh nhu vay se han che duac su ting chidu rdng net dien ngang cua dng 
sau khi udn. 


Dd de phong liei dien ngang cua phdi bi mco can phai co loi. Loi cd the la nguydn 
mdt khdi (hav goi la loi cung) hoac cd ihd lip ghep tir nhieu phiin tir (hay goi la loi udn 
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du<*:). Loi duac chd tao bang ihep chiu mai m6n va nhidt luydn dat dp cung 52 + 58 HRC. 
Dd u6n Png bang thcp khOng gi hoac kim loai m2iu va cac hop kim cua chung. 6 bd mat ben 
trong cua Ong khOng cho phep bi cdo xirdc nguOi la sir dung cdc loi bang tectolit (mac II I ). 

Phdn ldm vide cua loi duac lucrn tr6n (hinh 3.21a) hoac co the c6 dang phuc tap nhir 
(hinh 3.21b) trong do bdn kfnh cong cua phdn lam vide: 

R|rti = r lh + D/2 

vai r, b - ban kfnh trung hinh cua Png can u6n; 

D - duong kfnh cua loi. 

Loi dang nay c6 didn tich tidp xuc voi ong Ion. do do tao didu kien thuan loi hem cho 
qua trinh uon vi no han chd' sir mat On dinh net didn ngang cua ong 



Hinh 3.21. Cdu tao cua loi nguyen (a. b) va loi ghep (c, d) dd’ uOn Png. 


Neu nhu khi uon cac ong ihanh mong bang cac loi nguyen (cirng) md do Ovan cua Ong 
viral qua mire do cho phep hoac xuat hidn cac nd'p nhan tai vung nen thi ngiroi ta sir dung loi 
ghep. Lot ghep duac lap rap tir nhirng vong hinh cdu (hoac nhung vidn bi) dirac luPn vao mOi 
sat cap thep. Mpl ddu cap dupe kep chat vao moi v6ng dem ham. con ddu kia dupe keo cang 
bai mpl 16 xo dat trong loi. Loi uPn tiep xuc vPi bd mar trong cua Ong tren loan bp phdn bi£n 
dang va chO'ng lai sir mat On dinh cua phOi. Vide sir dung loi uPn loai ndy dac bidt co hidu 
qua khi uon cac Png co ihanh mong, co mat trong duac iiy sach vpi chat bOi iron thfch hop 
(hinh 3.21c, d). 

Khi uPn Png, tai viing keo xay ra sir bien mong ihanh Png. Chidu day ihanh ong tai 
vung keo khi uPn khOng c6 loi vdri g6c 90° duac xac dinh theo cong thuc: 

i-(D nt .-S 0 ) 



irong do: 

S t> - chieu day ban dlu cua thanh dng; 

D ny - dudng kmh ngoai cua dng; 

R lb - ban kinh cor\g cua cling di qua trong tam tiffl dien ngang cua dng (true tarn ong). 


Khi udn co loi su bien mong xay ra manh liet han, tuy thude vao duemg kmh cua dng, 
no thufrng lan han tu 20 -s- 50% so vdi khi udn khdng co loi. 


Mdmen udn can thiet de udn dugc xac djnh tir dieu kien can bang gitia momen noi hie 
va ngoai lire. Do v£y cong thirc di xac dinh momen udn khi udn khdng co loi vdi vi6c sir 
dung d6 thi hoa bin tuyen tinh co dang sau: 


M = 


;Dr h S + 


n.Dj'hS.n 

8Pn 


trong do: 

S - chi£u day thanh dng; 

D tb - duang kmh trung binh; 
n - modun hoa ben. 


Bang thirc nghiem ngudi ta da xac dinh dugc rang khi udn nguoi cac dng thep co sir 
dung loi cting, momen udn di thang luc ma sat khi dng bi trircrt doi vdi loi chidm khoang 
70% so veti momen udn cin thidt de bien dang 6ng. 


3.6.4. Uon co nung nong cue bo 

Udn co nung nong cue bo phoi la mot phuang phap udn trong do phdi dng li£n tuc 
dugc dich chuyen qua dung cu cam ting cao tin de nung nong rat nhanh mdt phan phdi rtft 
hep, ddng thdi chinh la vung se chiu tac dung cua mdmen udn len dng va la 6 bien dang deo 
trong qua truth udn. 

Vung dugc nung nong ddng thbi la vung bien dang deo se dich chuydn doc theo true 
phoi. Khi ra khoi vung bien dang phin da dugc udn cong cua dng se tao thanh ph^n cong 
cua chi tiet can che tao. 

Khi udn co nung nong cue bo, sir tao ndp nhan a vung nen hau nhu khdng co, do chidu 
rong cua vimg nung nong nho xay ra qua truth chdn phdn phdi da dugc nung dudi tac dung 
cua ting suit nen. Dieu do cho phep co the udn dng voi ban kinh nho ma khdng bi nhan. 
Ngoai ra, do khdng bj nung nong, phan phdi nguoi ngay sat vimg bien dang co do cting 16n 
se klm ham su thay doi hinh dang tidt dien ngang ciia phdn phdi da dugc nung nong. 

Phuang phap udn co nung nong cue bo dugc sir dung de che tao cac chi tiet cong khac 
nhau trong h6 thong dng diin. Di udn dng co nung nong cue bd ngudi ta sir dung mdt mdy 
udn dng chuyen dung. So do nguy£n ly cua may dugc chi ra tren hinh 3.22. Phoi dugc dua 
vao gia trugt 1 qua cac con lan din htrdng 2 va qua bd cam bien 3, bd cam bien se nung 
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n6ng bang dong cao tin rai nhanh, mbt phan rat hep cua phoi bng den nhiei db 800 - 9Q0°C. 
Sau khi ra khoi bb phan cam bifin. phbi duqc lam ngubi boi dong nubc qua thiet hi phun 
(sung phun nude) 4. Qud trinh ubn bng duqc thirc hien boi con lan s 6 5 mil vi tri cua n 6 tuy 
thubc vao tri sb cua ban kinh ubn ybu ciu. duqc xac dinh true tiep boi dau do linh hoat cua 
he thOng theo d5i dac bibt hoac bcVi thiet b; chep hinh duqc sir dung de ubn ong co thanh 
mong vbi ban kfnh ubn nho. 



Khi chieu rbng cua viing nung nong h ~3 * 4 mm vi chieu day tuong dbi cua thanh 
Ong S/D = 0,03 -f- 0.06 thi c6 the ubn duqc ban kfnh r = 1.5D ma khbng bi nhan. 

Uu diOm cua qua trinh ubn co nung nong cue bb la: co kha nang ubn ong vbi biin 
kfnh nho ma killing edit phai su dung toi, khbng phai che tao cac dung cu thay thb nhu 
dudng ubn, loi v.v...; co kha nang tu dbng hod qua trinh u6n, db bvan cua lift dien ngang 
bng khi ubn nho v.v... 

Nhuoc di£m cua phuong phdp ubn nay la ndng su.1t thSp (i(Sc db dich chuy£n bng vio 
vtmg nung n6ng khoang 0,2 -r 4 mm/s), kfch thubc cua thiet bi Ibn vi gia thanh cao. mat 
bang san xuai phai Ion. 

Ngoai cac plurong phap ubn bng trim, trong san xuat hang loat Ion va hang khcSi nguoi 
ta con sir dung ubn ong bang khubn tren cac may ep true khuyu hodc tren may ubn ngang. 
Khi ubn bug bang khubn. chi£u day tuong ddi cua thanh bng S/D > 0,06 vbi ban kinh 
r > (2 * 3)D (khi ubn khbng cb chdt dbn ben trong). 

Die didm kbt ciu cua nhung bq khubn niy Id cbi vi chav cb ranh ban nguyet, tuong 
Ling vbi net dibn ngang cua bng. Ngoai ra d£ giam lire ma sit tren b 6 mat tiep xuc giua cbi 
vbi phbi vi ngan ngifa nhung vet say xat hodc vft xubc tren be mat bng, khubn edn phai thiet 
ke co con Ian ep quay duqc hodc cac gbi lira cb ranh dang con Ian. 

Ngoai nhung phuong phap ubn duqc dung rbng rai trong che tao may nbi tren, nguoi 
ta cbn dung nhung phuong phap ubn ngubi khde: vi du ubn tren may tu dbng van nfing cb 
dan dbng tit banh ring trung tim, ubn dbng thoi vbi Ibc v.v... Nhung phuong phap ubn nay 
duqc trinh bay trong cac tii Ii6u ky thudi chuyfcn nganh. 




Chuang 4 

DAP VUOT 


4.1. CAC PHUONG PHAP DAP VUOT 


D<\p vuot la mot nguyen cong nhkm. bien d6i ph6i phang hoac phoi r6ng de tao ra cac 
chi tiet rftng co hinh dang va kich thuctc can thibt. 

Cac chi tiet dirge dap vuot thuong co hinh dang r£t khac nhau va dugc chia thanh cac 
nhom nhir sau: 


- Nhom cac chi tiet co hinh dang tron xoay (doi xung true), vi du nhir: day cua n6i 
hoi; cac chi tiet hinh tru; cac loai bat dTa kim loai; cac chi tiet cua thibt bi chidu sang nhu 
pha den, vo den, chup den v.v... 

- Nhom cac chi tiet co hinh dang hinh h6p: vi du nhu cac thung nhien lieu cua dong 
co, cac loai vo hop, cac chi tiet vo boc trong cac thiet bi dien tir, thiet bi do v.v... 


- Nhom cac chi tiet co hinh dang phtre tap co mot true doi xung hoac khong dot xurng. 
Vj du nhu cac chi tiet vo ot6, canh cua ot6, cac chi ti6't cua may keo, cac chi tiet cua may 
bay v.v... 


Cac chi tiet hinh tru co the co chieu day day Ion hon chidu day thanh nhu cac loai vo 
dan; cac loai bat dla kim loai co day day v.v... Dticmg kmh cua cac chi tiet (hoac chi£u day) 
co iht tir vai milimet den mot vai met va chi£u day thanh co the tir m6t phftn mubi den vai 
chuc milimet. 


Tuy theo chieu cao tuong doi cua chi ti&t, nguoi ta co the dap m6t hay nhi6u nguyen 
cong tao ra chi ti6t. O nguyen cong dau phbi ph^ng co duong kfnh D dugc dap vud't d& 
tao ra thanh phoi r6ng {hinh 4.1a) co dubng kmh d t va chieu cao h t . C) cac nguyen cong sau 
phoi rong duoc tiep tuc dilp vuot de nh4m muc dich tang chieu cao va giam dubng kfnh 
(hoac giam tiet di£n ngang) cua ph6i (hinh 4.1b). 


Cac chi tiet thuemg dugc dap vuot vdi ph&i 6 trang thai ngu6i ma khbng edn phai nung 
phoi. Trtr khi dap vuot cac chi tiet tu cac lam kim loai day (S > 20 mm) thi ngudi ta co th^ 
nung phoi de giam trb luc bien dang. Khi dap vubt cac chi tiet tir phoi tam bing hgp kim 
nhom, de" nang cao mire do bien dang sau m6i nguyen cong, nguoi ta co the nung nong cue 
bo vung bien dang deo. D6 ch£ tao cac chi tiet d&p vubt ngudi ta su dung cac kim loai tam 
co tfnh deo cao nhu thep cac bon th£p chat lugng va thep kbt c£u hop kim thap, nhom va hgp 
kim nh6m, d6ng, dong thau va cac kim loai khac. 


119 




Hinh 4.1. Cdc bu6c dap vuOt: 
a. nguyen cdng dau; b. nguyen cOng tiep theo. 

Dap vu6i dirge lien hanh trong cac khuOn chuyen dung bao gOm cac b6 phan lam viec 
nhu: cOi I co mep lam vide duoc lirgn iron, chay dap vutfi 2 v& ta'm chan vai lieu 3 (hinh 
4.2). Khi dap Ccic chi lift co chi£u day tirong doi S/D Ion ihi khuon dip vu6t co the khong 
c&n dung tSm chan 3 (hinh 4.2a). Giira chay v& edi dap vu6t co in<M khe hd z, trj s6 khe ho z 
luy ihuOc vao phuong phap dap (co bien mong lhanh hoac kh6ng bie'n mong lhanh); chieu 
day vat lieu ph6i S vj ihi'r iu nguyen c6ng. Khi dap vu6i ngoai lire dirge iruy6n qua chay. tac 
dung vao ph&n day cua chi lift dap vuft cbn phdn vanh cua phOi van dirge nr do va khong 
chiu lac dung cua ngoai life. Ngiroi ta ihircmg sir dung hai phirong phap dap vuot sau: 

1. Dap vu6t khOng chu dmh lAm giam chi&i day vat lieu dirge goi \h dap vuoi khOng 
bi£n mong (hay dap vudt). 

2. Dap vu6i c6 chu dinh lam thay ddi (giam) chiSu dAy cua phdi duoc goi la dap vu6i 
co bie'n mong vat lieu (hay goi IA dap vutft co bifti mong). Da s6 cSc irudng hop 
dap vu6t c6 bie'n mong dirge ihuc hien vdri phOi da dugc dap vutfl I5n ddu khdng 
bie'n mong (tir phOi phAng). 



a) b) 

Hinh 4.2. So d6 khuOn de dap vu6t lAn dfiu: 
a. khOng co lam chan. b. co tarn chan. 
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■ Dap vuot khdng bi£n mong co dSc diem la chi giam dudng kinh cua phdi con chieu 
day thanh cua chi tiet hau nhu khong ddi. Trong truing hap nay khe hd giura chay va coi cua 
khuon dap vutft co tri s 6 bang hoac Ion han chi£u day phdi: z > S. 

Khi dap vuot co bien mong, chieu day cua thanh chi tiet se bi giam di so vdi chieu day 
cua phoi ban d£u va dudng kfnh cua phoi cung se giam di mdt chut nhung khdng dang ke 
(trong tinh toan cong nghe ngudi ta bo qua su thay ddi ve dudng kinh). Khi dap vuot co bien 
mong, khe ho giura chay va coi co tri s6 nho han chi£u day phoi: z < S. 

Trong qua trinh dap vud't khdng bi£'n mong, phan mep vanh cua phoi co the khong keo 
het vao trong cd'i (con lai phan vanh nhu hinh 4.2a) d6ng thdi se xuat hien cac ung sua't keo 
Op va ting sua't nen gq. Thanh phan ling suit nen oo se tac dong theo hudng tiep tuy£n 
(hudng vong), vi vay vdi mdt ty so giura dudng kinh chi ti£t dap vud't va dudng kfnh phoi 
nhat dinh co the gay ra hien tuong nhan d phSn vanh (do chinh la hien tirang mat On dinh a 
phan vanh). Didu do se dan dd'n vide keo cac song nhan nay vao trong khe ho giua chay coi 
vdi ling suit keo o p r£t Idn gay ra phe pham hang Loat do bi dtit day hoac bi rach. De ngan 
ngua sir tao nip nhan, trong cac khuon dap vuot ngudi ta thudng sir dung tarn chan vat lieu, 
ta'm chan nay co tac dung ep phSn vanh cua phdi vao be mat coi, cho'ng lai sir tao thanh nep 
nhan cua vanh phdi (hinh 4.2b). Do vay trong qua trinh dap vud't khdng co bien mong ngudi 
ta con chia lam hai dang: dap vuot khdng bien mong thanh co chan phdi va khdng co chan phdi. 

Khi dap vuot tir phdi phing sau mdt nguydn cong ta co the nhan duqc chi tiet hinh 
tru vdi chieu sau khdng ldn, thudng chidu cao tuong dd'i h/d < 0,7 -s- 0,8. Khi dap vuot cac 
chi tiit vdi chieu sau ldn han, ung sua't keo d phan thanh chi tiit (lai tiet dien ngang nguy 
hi£m) thudng tang len rat ldn va co the lam durt day. Vi vay khi dap vud't cac chi tiet co 
chieu cao tuang dd'i h/d ldn, ngudi ta thudng phai tien hanh dap vud't qua nhieu nguyen 
cong. Khi do, ung sua't keo hudng kfnh, phat sinh a phfin thanh chi tiet se giam di tao di£u 
kidn thuan lai cho qua trinh dap vuot. 


Trong qua trinh dap vud't phoi b trang thai ngudi, kirn loai thudng bi hoa ben, lam 
giam tfnh deo cua kirn loai. Sir hoa b^n qua mure cua kim loai co the dan den lam mat tinh 
deo va cud'i cung dan d6'n bi pha huy. Vi vay qua trinh ch£ tao cac chi tid't co chieu cao tuang 
dd'i ldn (h/d > 1) giura cac nguyen edng dap vud't ngudi ta thudng phai tifc'n hanh u k£t tinh lai 
cac ban thanh pham nham khu bo su hoa b£n va phiic h6i tinh deo cua kim loai (hinh 4.3). 


Cac nguyen cong tiep theo khi dap vud't duqc thuc hien trdn cac khudn co chan (hinh 
4.4a) hoac khdng co chan phdi (hinh 4.4b) tuy thude vao chieu day tuang dd'i cua phdi va 
muc do bien dang. Nhung nguyen edng ti£p theo khi dap vud't cOng co thi duqc thuc hien 
theo phuang phap dap vud't thuan hoac dap vud't nguqc. Khi chay truy£n ap lire vao phdi 
rdng d mat trong cua day phdi (hinh 4.4) thi duqc goi la phuang phap dap vud't thuan, con 
neu nhir chay truyen ap lire vao mat ngoai cua day phdi thi goi la dap vud't nguqc (hinh 4.5a) 
boi vi khi do phdi duqc keo vao trong coi theo hudng nguqc lai so vdi hudng dap vuot lan 
thti nhat. 
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Hinh 4.3. So do qua trlnh cdng nghe dap vuot c4c chi tiet hlnh tru sau. 



Hinh 4.4. So d6 khuon da dap vudt Hinh 4.5 . Dap vudt nguoc: 

cac nguy&n c6ng sau: a - so d6 khuOn; b- cac dang chi lift, 

a- c6 vong chan ph6i; b- khdng c6 vong chan. 

Dip vudt nguoc tlurong duqc sir dung 66 dap vudt cac chi tiet c6 hinh dang phuc lap. 
vi du nhu chi lift hai day hoac co hai lap vo (hinh 4.5b). Ngoai ra dip vudt nguoc con duoc 
sir dung dc ddng thdi ihuc hien hai nguyan c6ng dap vudt Iran ciing mGt bo khudn nham 
tang muc dd bidn dang hoac khi dap vudt cdc chi tidt co dang hinh cOn. hinh cdu. 

Trong san xuft't hang loat lcm va hang khdi. dap vudt thudng duoc thuc hien tren cac 
may ep true khuyu tac dung don hoAc mdy ep song ddng. Thong thuong cac chi net co kkh 
thude Ion vA trung binh (vo otd, chAu, xoong. ndi kirn loai v.v...) thuong duoc dap tren cac 
may ep thuy luc song dong hoac may ep song dong co khi. Con ddi voi cac chi litft nhd 
ihucmg duoc dap iron cac may ep true khuyu tac dung don. 

Viac nghian curu ede qud uinh dAp vudt da duoc thuc hien 6 nhi£u nude, trong nhiau 
nAm tro lai dAy; tuy nhian no vdn can litfp tuc phai nghian cuu bdi vi cd nhiau bai lodn m6i 
chi duoc giai mdt edeh gdn dimg edn phai chfnh xac hod hon nua. Trong nhung nam gdn dAy 
da xuAt hi£n nhung bai todn mcri, lien quan den viac xufft hien nhung phuong phdp dap vudt 
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mdi. So do cac phirong phap dap vu6t khac nhau da dugc chi ra tren hinh 4.6 (phan loai cac 
nguyen cong dap vuot). 

-1 

Dcip vudt 



Hinh 4.6. Sa d6 cac phudng phap dap vuot khac nhau. 


4.2. DAP VUOT KHONG CO CHAN PHOl 

Dap vuot khong co chan phoi dugc thuc hien trong khuon khong co tarn chan tren may 
ep tac dung dan. O bien dang nim 6 phdn varth co dang c6n trong do co cac thanh ph£n img 
suat keo hudng kinh a p va img suat nen ti£p tuy£n cjq (xem hinh 4.2). Kha nang dap vudt 
khong co chan dugc gidi han bdi hai y£u t<5: neu chidu day tuang ddi ciia phoi nhd se xay ra 
$u tao ndp nhan 6 phdn vanh con do thanh phan ting suat nen tiep tuydn qq, hoac chi£u day 
tuang ddi cua phoi ldn bien dang cue bo tren chieu day thanh se lam cho irng suat tai vimg 
chuyen tiep giira day va thanh cua chi tiet vuot qua gidi han pha buy gay ra durt day. 

Theo s 6 li£u cua E. H. Mosnhin kha nang tao ndp nhan khi dap vudt trong edi co ban 
kinh lugn a mep lam viec co the dugc xac dinh nhd cac dudng cong gidi han. Nhung dudng 
cong gidi han nay dugc xay dung dua vao kdt qua sir dung cac phuang trinh ly thuyet ben va 
ly thuyet chay deo vdi cac ban kinh lugn cua c6i khac nhau: r c (dudng cong 1 va 2 tren hinh 
4.7). Khi tang ban kinh lugn cua coi, mure do bien dang gidi han (dugc dac trung bdi h£ s6 
K v ) cung tang len. Cac so lieu ly thuyft da dugc kiim nght&m bang thuc nghiem khi dap 
mot s 6 loai vat li£u khac nhau: nhu thep 20, 12X18H9T (thep khdng gi) va cac hgp kirn 
nhom: /J16AM. 

- Dudng cong 1 & 2 theo s 6 lieu cua E. H. Mosnhin ddi vdi c6i co r c = 6s va r c = 8s. 

- Dudng cong 3 theo so lieu cua L. A. Sophman. 
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n 



Hinh 4J . Cac dirdng cong gidi han de' xac dinh vung dap 
va kha nang tao n£p nhan khi dap vuot khdng c6 chan phdi. 

Phuong phap sir dung cac dirdng cong gidi han duqc chi ra tren hinh 4.7 theo mui ten 
dirt net. 

- Dieu kien di dap vuot khdng co chan phdi mOl each gan dung, co the sir dung theo 
so lieu cua L. A. Sophman: 

D n - d < (18 -s- 22) S 

trong do* 

D t) - dirdng kinh cua phoi; 

d - dudng kinh chi tiet dap vud't; 

S - chi^u day vat lieu. 

Cl thdi di£m ban dau cua qua trinh dap vudt khdng co chan phdi, theo hudng true tarn 
cua ctfi co sir uon phan vanh phdi dd'i vdi mep lam vide cua coi vdi mol goc y (hinh 4.8). Sir 
quay cua phdn vanh xay ra dirdi tac dung cua momen ud'n ma momen udn nay xua't hien la 
do sir dich chuy^n lire dat vao phdi v£ cac phia cua chay va coi. Vi vay ma phan vanh cua 
coi co dang edn kep nhir hinh 4.9. 

Thudng khi dap vuot khdng co chan trong cac c6i co mieng hinh con se it bj nhan han 
so vdi khi dap vudt trong cac coi co mieng hinh tru. Sir tao nep nhan trong cac coi hinh con 
tuy thude vio chieu rong tuang dd'i cua vanh, ban kfnh lirqn cua cd'i va goc nghieng tp cua 
no. G6c nghieng ciia mieng edi c6n thudng lay tir 30° -5- 45° khi chidu day tuang dot cua 
ph£n thanh tru: d/s > 30 va goc nghieng q> = 15° + 20° khi d/s < 30. 
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Dufrng kinh mieng cO'i con D um cSn phai nho han mOt chut so vai duang kinh phOi: 
(hlnh 4.9) 

= 0,9. D„ (4-1) 

Khi goc nghifcng <p = 15° va D u>n = 0.9D o thl chiOu cao cua c6'i ttrang dO'i 16n. Vf du 
khi ty sO' RJr = 2 thl chieu cao coi bang hai lin dudng kinh cua chi tiei. Do vay ngudi ta c6 
ih6 giam chi£u cao cua cO'i bang cacti sir dung cO'i co do cOn kep (hlnh 4.9): ph&n phi a tr£n 
cua coi (phdn mieng) co goc cOn <p t = 12 + 1Duong kinh 16 con 6 phfin duai (cua vao) co 
th& duac xac dinh dua vao gia thiet cua Valiev (BamieB). Theo gia thiet nay thi qua trlnh 
dap vu6t v&o trong 16 cO'i hlnh tru ciin phai bit diu ngay sau khi xay ra sir giam luc bien 
dang a trCn b 6 mat cOn cua cO'i. Tai thai diem nay, duang kinh ngohi cua bin thanh phaim 
(phia dau cOn nho) bang duang kinh cua phin 16 cOi hlnh tru D c con duang kinh cua bin 
thanh phim a phia diu c6i bang D K . 



Hinh 4.8. Giai doan diu khi dap vuot Uinh 4.9. Coi co dang hlnh c6n kep 

khOng co chan. d& dip vu6t. 

Su chia nho qua trlnh dap vuO't thanh cac giai doan rieng da cho phep tang dune muc 
do bie'n dang tOng cong vci muc do bien dang phu hap a m6i giai doan cua qui trlnh. 

Tu dieu ki£n can bang dien tfch be mat giua phOi v& chi net ban thanh phim tai ihcri 
di£m dap vuot khao sat (hlnh 4.9) ta co: 

7tDf, k(D k + D c )7 tcDc 

~T~~ 2 + ~T~ 

trong do: / = ———(do dai cua dirong sinh). 

2.sin (p 

Do do cluing ta co thO xac dinh duoc duang kinh cua 16 cOn d phdn duai cua cOi D K 
duai dang ham s6 cua he s6 K v = D,yD c , va goc* nghieng <p: 
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Tir cong thuc (4-2) chung ta c6 the thay ring khi K v - 2 va <p = 15° thi dudng kinh Ion 
cua phSn 16 cdn phi a ducfi cua edi sc la: 

D K = l t 34D c 

Khi dAp vudt khong co chan trong edi hinh con thi mi'rc do dAp vudt bitng ty so giCra 
dudng kinh phdi vdi dudng kinh chi tiet dap vudt: 

K v - DJd 

Ung suat keo hudng kinh Ian nhA't tai 6 bien dang (khi lire dap vudt dat gia. tri cite dai) 
co tmh den lire ma sat tiep xuc va irng suat phu do bi uon va keo phdi vao trong 16 edi hinh 
tru, duoc xac dinh theoedng thurc sau: 

( d A ^ 

CTpmax = P-O s (ih)- 7T- - 1 ■(! + M-ctg<p) + - ■( 1 + (.i.cp) (4-3) 

3 U C 7 “ r C + h 

trong do: o Mtb) - urng suat chav trung binh; 

D k - dudng kinh mieng con cua ban thanh pham duoc xac dinh theo cong thuc (4-2). 

Trong qua trinh dAp vudt thudng xay ra sir hoa ben kim loai, cong thuc (4-3) co tmh 
den anh hudng cua hoa bin bdi tri s 6 cua ung suat chay trung binh, duoc xac dinh dim vao 
dudng cong hoa ben. Phan tich cong thuc (4-3) chung ta co the thay ring: khi tang mire do 
bien dang, lire ma sat, irng suat chay va chieu day cua phoi thi ung suat keo hudng kinh 
a pmux chug tang len. Con khi ban kinh luon cua coi tang len thi irng suat Cp mux giam di. 

Dap vudt khong co chan phoi ciing co [hi duoc thuc hifin vdi be mat lam viec cua edi 
co dang dudng ding tiep cu. Khi do phAn vanh phoi tiep thu hai mat cong. Dieu do co kha 
nang nAng cao mure do bien dang tdi han, dong thdi tang tmh chdng mai mdn cua coi. 

Thuc nghiem da chung minh ring: mire do bien dang gidi han cho phep khi dap vudt 
khong co chan trong coi hinh con (<p = 30 <J ) cao han so vdi coi hinh tru, con khi dap vudt 
trong edi co dang dudng dang tiep cu, muc do bien dang gidi han cho phep lai cao hon so 
vdi khi dap trong coi co dang con. 

Tuy nhien trong thuc tc san xuat coi co dang dudng ding tiep cu it duoc sir dung do 
gia thanh che tao chung cao han nhieu so vdi khi che tao edi lunh con. 

4.3. DAP VUOT CO CHAN PHOI 

Dap vudt co chan phdi duoc chia thanh hai giai doan: giai doan dau khi phoi duoc keo 
vao trong edi cho den khi goc dm ciia phdi xung quanh mep lam vi£c cua chay va edi vdi 
goc a < 7t/2 (hinh 4.10a). Giai doan sau khi goc om a^n/2 (hinh 4.10b). 

0 giai doan dau cua qua trinh vudt co chan phdi co sir giam chidu day phdi tai 6 bien 
dang la hinh vanh khan co chieu rdng c-d (hinh 4.10a). Khi do ban kinh phdi R () khdng giam. 
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Hinh 4.10. Sc d6 dip vuot co chan ph6i. 


Neu lire bien dang va Itrc chan phoi Idn ihi sir pha huy phO»i thiremg bit ddu 6 vung c-d 
la vung nguy hiCm (c6 d6 ben kern nh£t). Khi lire dap vu6t tang len thi 6 bi£n dang deo cQng 
tang Iftn va cung Ian din sang ca phdn vanh thim chi trong truong hop rieng 6 bien dang deo 
co th£ ca a phdn day cua phoi Sau khi loan bo phdn vanh bi bi£n dang deo thi giai doan hai 
bit ddu, no dirge dac trung bci sir lung g6c 6m ex va giam bin kinh vanh (R vinh < R,>). 

Khi goc 6m a gin den 90" thi tim ban kinh lirgn ciia chay vi c6i (r ch va r c ) gin nhir 
nim trong cung m6t muc (nim ngang) (xem hinh ve 4.10b). Tai then difcm ti£p xiic bat ky 
cua giai doan hai, sau khi da keo phOi vao trong c6t voi chidu sau nhat dinh, a cac mep c6i 
co ba phdn cua phoi voi trang that ung suit khac nhau (phdn vanh khan 1, phdn hinh tru 2 va 
phdn day 3) (liinli 4.10c). 

0 phdn vanh 1 dirge giOi han ben 2 vong tron co bin kmh R va r. bang thuc nghi£m 
nguai la da xac dinh dirge irang thai ung suit la piling bci vt irng suit nen g / do ap lire cua 
tarn chin gay ra lii rai nho so vdi uiig suit chay a s , c6n khi dip vuot khOng co luc chan thi 
hiu nhir khOng co c r 

Mol phin 16 dirge tach ra tir phdn vanh co hai thanh phdn umg suit: theo hudng kfnh Id 
irng suit k£o a p c6n theo hirang tiep tuyin la irng suit nen Co- Khi dip vu6t duerng kinh 
phdn vanh giam din do phOi hi keo vao trong c6i va do la m6t 6 bien dang deo lip trung. Tuv 
nhi&n. dS c6 thft chay deo va thay d6i hinh dang cua phdn vinh thi edn phai dam bao sao cho ly 
s6 giura cac irng suit a ( , va an la hoin loan xac dinh Theo dieu kiOn deo ciia Huber-Mises: 
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|cr p | + |a G | = pa s (4-4) 

Phin hinh tru 2 do ap luc cua chay dich chuyen cung v6i ph3n day cua phoi, co (rang 
thai ung suat gan nhu la keo dcfn: o p . Trong trirdng hop nay, irng sua't keo a p can phai nho 
hon irng suat chay (o p < a s ). Neu didu kien do khOng dat dirge se d§n den sir bi£n mong cue 
bo va co thd gay ra dirt day. Phan hinh tru ma chung ta khao sat bi bien dang dan h6i khac 
voi phan vanh bi bi£n dang deo mac dii irong phan vanh cung co dieu kien o p < a s (cong 
thurc 4-4). 

Phdn day 3 co hai thanh phan irng suat keo, cung gidng nhu phan thanh hinh tru, phan 
day bi bien dang dan h6i, khi do irng suat keo G p tac dung theo huemg kfnh va ting suat 
oq lac dung theo hudng ticp tuyen cung luon luon nho hon irng suat chay cua vat lieu phoi: 
Op < g s va Go < g s . 

Nhu wly ph^n vanh cua chi tiet dap vu6i dirge goi la vimg bien dang deo con phSn 
hinh tru va day goi la viing iruyen luc bien dang. Sir phan bo urng suat tren 6 bi€n dang dugc 
xac dinh dira vao viec giai phuong trinh can bang ket hop voi phuong trinh deo voi nhting 
didu kien bien nh£t dinh. Doi vdi didu kien ly tuong, sir bien dang co phuong trinh sau: 


a p = p.a s .lr3 

(4-5) 

CT 0 = -p.CT s |l-ln^j 

(4-6) 


Tir nhfrng phuong trinh tren chung ta co the thay dugc dac didm thay d6i urng suit tai 6 
bien dang: irng suS't keo htrdng kfnh a p thay ddi tir gia tri 0 o mep vanh (p = R) den gia tri 
cue dai 6 vimg ban klnh lugn cua c6i (p = r); con ting suat nen theo huemg ti£p tuyen gq thay 
doi tir gia tri cue dai 6 mep vanh khi (p = R) ddn gia tri cue tieu tai viing ban kinh luon cua 
coi (p = r). Bidu do phan b6 ung su£t g p va uq theo chieu rong cua vanh dugc chi ra tr£n 
hinh 4.1 la. Tir bidu d6 phan b<5 ung su£t chung ta chi co the ket luan rang: 6 phan mep vanh 
irng sua't nen gq lcrn hon irng sua't keo o p (ve trj so tuyet ddi): |gq| > |g p | didu do lam cho 
phan mep vanh co sir tang chieu day (bien day) con 6 phan phia trong cua vanh, irng sua't 
keo huong kfnh I6n hon ling $u£t nen: |ool < ]cr p | lam cho chidu day phOi bi bien mong. Khi 
|a p | = |oe| chieu day cua phan vanh khong thay d6i va bang chidu day phoi ban ddu. Trong 
truemg hgp nay trang thai bien dang la phang. So 66 trang thai bien dang cua phin vanh nhu 
tren hinh 4.1 lb. 



sir dung dieu kien trang thai bien dang phang: 


2 


= G 


n 
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N£u c6 lh£ coi ring khi dip vutft c n s 0. khi d6 dieu kien trang thai bifn dang phAng 
co dang: 


ct p - oo = 0 


(4-7) 



Hinlt 4JL Sir phan b 6 ung suit va bi£n dang 6 phAn vanh khi dap vu6t. 


Thay cac gia tri cua a p va Oq theo c6ng thuc (4-5) vi (4-6) vao phircmg trinh (4-7) ta cd: 


p.a s .lr3 -p.a s . 


, , R 

1 — In — 

P 


= 0 


(4-8) 


Tlt do chung ta co th£ suy ra ban kinh vdng iron phan chia giua vung bien day va vung 
bitfn mong cua phin vanh (bang each thay gia tri p = p gh vio (4-8)). xem hinh 4.11 b: 

p gh = 0.606.R 

Chieu day Idn nhat cua phAn vanh tai <5 bi£n dang: S K la 6 mep ngoai cung cua no. 6 
diy trang thai ung suit gin vdi trang thai ung suit dan (a p * 0; a n ^ 0). Vai sir co ngdn 
tuyen tinh muc dP biin dang theo hudng kmh va huang true bdng nhau: 


|Cpl “ l^nl 

Khi do dieu kien th £ tich khPng dpi co dang: 

E 0 + 2e n = 0 

Suy ra: 

I 

S ' R 

Niu coi e n = In-^- vA = In— chung ta co: 

s R 

S 2 R.. 
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(4-9) 


Khi keo loan b6 phoi vao irong c6i ihi phan vanh se khOng co. nrong ting R = r. 


Do c!6: 



Hoac tfnh den imh di hirdngcua kim loai ihi: 


S K = s[-^ 

K { r J 


UR 


(4-9a) 


Doi vdi kim loai dang hudng. he s6 di hudng R* = 1. Khi do n£u ihay gia iri cua no 
vao (4-9a) thi cOng thuc (4-9u) se trd thanh (4-9). Cong thirc (4-9) c6 the: sir dung de tfnh 
gdn dung khe hd z gifra chav va c6i cua khuOn dap vu6t n£u ta coi z = s K . Gia iri chfnh xac 
hem cua khe ho i dirge xac dinh iheo bang irong s6 lay, chfnh vi vdy irang that bi£n dang 
irong 6 bien dang khi dap vutft la khOng gidng nhau, no phu ihuoc vao ly so cua cac ting 
suai phap chfnh (hinh 4.11b). Do do chi£u day cua ihanh chi liC't sau khi dap vu6i khong 
d6ng deu doc iheo chieu cao: lai mep Iren ciing chieu day cua chi net la Ion nluft, con lai 
phan ban kinh liron cua day chieu day ciia n6 la nho nhfir, lai day chi liet chieu day cua no 
hdu nhir khong thay doi so vdi chieu day phoi ban d&u (hinh 4.1 lb). 


Mat cdt ngang cua chi net tai viing co chieu day nho nh&i dirge goi la mat cdl ngang 
nguy hiem. tai do chi nOi thirOng bi pha huy nhu bj dirt ddy hoic rach (hinh 4.12). Ngoai ra 
cung con mOt liet di£n nguy hie’in nfra la cac lop kim loai a phiin vanh. tai do kim loai bi hoa 
b£n it han so v6i ede lap kim loai a cac liet dien ngang khac. 



Hinh 4.12 . Chi ti£t bi dirt, rach va nhan khi dap vuot. 


no 


Ndu muc 66 bidn dang khdng vuot qua mtic cho phep thi chieu day thanh tai tiet dicn 
nguy hidm c6 the xac dinh mot each gan dung nhu sau: 

S*in= -(4' 10) 


Cong thuc (4-10) co nhuoc diCm la khong tinh ddn anh huong cua ca tinh vAt lieu phdi 
den chieu day nho nhat cua tiet di£n nguy hidm: S mjn . 


Trong dieu kien bidn dang thuc te co rat nhieu yCu 16 anh huong den dac tinh phAn bo 
ung su&'t khi dap vuot nhu: su hoa bdn cua kim loai; luc ma sat liep xuc; sir udn va nan thAng 
cac phan tir cua ph6i khi bi keo vao trong coi; sir di huong vC co tinh cua kim loai v.v... 


Trong mot s 6 tai lieu ky thu At da de cap den vide tinh toan cac yeu to anh huong tren 
nho phuong phap sir dung dirdng cong hoa bdn, ngudi ta da nhan dugc c6ng thuc de xac djnh 
urng suA't keo hiring kinh Ion nhat tai 6 bidn dang 6 thdi didm bat ky khi dap vuot kim loai 
d<\ng hudng: 


a 


pm ax 




1 

1-V 


V 

1-V | 

In—- x 



v x J 


n.Q 

«R«Sa h 


S 

2r c + S 


(1 + l,6p) 


(4-11) 


trong do: 

R — R 

x = —^- - sir dich chuyfcn tuang doi cua mep vanh trong qua trinh dap vuot; 

R<> 

vp - d6 co that ty ddi khi keo; 

S - chidu day phoi; 
a b - gidi han bdn cua vat lieu phdi; 
r t - ban kinh luon cua coi; 
p - he so ma sat tiep xuc; 

Q - lire chan phoi. 

So hang dau cua c6ng thuc (4-11) trdn la ung suat gAy ra boi tro lire bien dang cua 
phan vanh phdi co tinh den su hoa bdn cua kim loai; con so hang thti hai la ling suat phat 
sinh de khAc phuc luc ma sat tiep xuc tren be mat cdi va tarn chan; so hang thu 3 la urng suit 
do sir uon va min thAng phoi khi keo vao trong cdi. So nhan (1 + l,6p) la phan tinh den sir 
anh hirong cua ung suat keo ttr do phai khAc phuc luc ma sat tidp xuc tren mep luon cua cdi. 

Trong cong thirc (4-11) ta thay khi x tang thi sd nhan dAu tien cua so hang thu nhat 
tang len, con sd nhan thir hai thi giam di. Do do khi khao sat ham sd nay can phai co gia tri 
cue tri. Didu do dugc giai thich la khi keo phoi vao trong cdi, ban kinh phan vanh phoi R se 
giam di va khi do gia tri a pnlilx cung se giam di. Cung voi su giam ban kinh R thi mure d6 
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bidn dang se tang l£n, dan den sir tang ung suSt chay do qua trinh hoa bdn kirn loai va do do 
lam tang a pmax . 


Do trong qua trinh dap vudt a pmax thay ddi khdng dan dieu va gia tri cue dai cua no 
dat duqc 6 m6t thdi diem trung gian nao do khi R 0 > R > r. Khao sat edng thurc (4-11) ve gia 
tri cue dai va cue tieu, cho phep chung ta xac dinh duqc gia tri cue tri cua su dich chuyen 
tuong ddi cua phan vanh: 


x c -" Iri = (R„ 


R cucir,)/ Ro = V|/Jn(R(A) 


trong do: R c “ clr! - ban kinh cue tri cua vanh, 
Tir c6ng thirc (4-12) chung ta eo: 


Rcircui = R 


I — VJ/ 111 


R. 


(4-12) 


(4-12a) 


Ban kinh cue tri cua vanh cang nho thi mat d6 hoa ben cua phdi cang cao, dac trung 
bai tri sd \\j va mure do bien dang cang 16n dac trung bai ty s6 logarit RJr . Khi v;/ = 0,2 va 
R ( /r = 2 thi ban kmh cue tri cua vanh R c “ c Ir| =0.86R o = 1,72r 

NhOng kdt qua nay la do cac sd lieu thuc nghiem. N£u thay gia tri cue tri cua x (theo 
cong thurc (4-12)) vao c6ng thuc (4-11) chung ta se eo gia tri cue tri cua ung su£t keo hudng 
kinh o pmax : 


cuciri 

°pmax 


lnl + 

r 


mQ 


nRSa b 2r c + S 


(1+ l,6p) 


(4-13) 


Khi giam ti s6 ban kinh ph6i va ban kinh cua chi tiet dap vudt (doi vdi vat lieu deo 
R { Jr < 2) toan b6 phan vanh phoi bi keo vao trong cbi ma khdng bi pha huy, thi khi do 
a^ tn < a s . Khi dap vudt vdi mire dd bien dang ldn han (R 0 /r > 2) urng sua't cue iri 

eo the dat gia tri cua irng sua't chay a s , no duqc xac dinh bang thuc nghiSm tai thdi didm dut 
day chi tiet va bang (1,1 ± 1,2) a b . Mot each gdn dung eo the coi ap-J‘ r J ^ a b . Trong trudng 

hap nay neu khong bi pha huy thi chi eo the dap vudt khdng hoan toan va duqc goi la dap 
vudt chi tiet eo vanh rong. 

Tai thori diem durt day chi tift, phan vanh eo mdt tri sd ban kinh vanh tai han R imhan , 
Tri sd ban kmh vanh tdi han eo th£ xac dinh mot each g&n dung tir dieu ki£n: Op^x » a b . 


R R 

Ndu su dung cong thurc (4-11) va eo the coi In—— - x * In —- thi eo the xac dinh 

xx 


duqc tri sd dich chuydn tuang doi tdi han cua phan vanh x,^ han : 


Xtrtihan “ V 




1 


ln^ 

r 


mQ 


l + l,6pj 7tR u So b 2 r^+S 




(4-14) 
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TCr cCng thuc (4-14) chung ta co bAn kfnh t6i han cua vAnh: 

R|h = R<>0~ x ih) 

Neu ban kfnh vanh cua chi tidt dAp vudt lan han bAn kfnh tdi han (R > R fh ) thl chi tidt 
do dupe goi 1A chi tidt co vanh rdng. Khi dAp vudt chi tiet co vAnh rdng. muc dp bidn dang sc 
lan han so vdi khi dap vudt chi ti£t khdng co vanh (vdi didu kien keo loan bp phdi vao trong 
cdi) hoac chi tidt co vanh nhirng ban kfnh vanh cua n6 nho han b*in kfnh tdi han. DAc diem 
cdng nghfc khi dAp vudt chi lift c6 vanh rdng se duac khao sAt a phAn sau. 

Cac budc dAp vudt tidp theo ihirdng duac thuc hipn trong cac cdi cd phAn cdn. 
D& cho phdi hlnh tru nhAn duac tu nguy€n cdng dAu c6 the dAp vudt duac a cAc nguydn cdng 
tidp theo. ddi vdi phdi day co (S/D) x 100 > (5 + 7) (1 - m) thi co the* khdng cAn chAn phdi, 
con khi: (S/D) x 100 < (5 + 7) (1 - m) thi can phai co chAn phdi (trong do: m = d/D - ht sd 
dAp vudt). 

Khi dAp vudt nhirng nguydn cdng tiep theo, 6 bifin dang bao gdm ba phAn vong: hai 
phdn vong xuyen I. Ill va nipt phAn v6ng cdn II, duac gidt han bdi cic ban ki'nh R ph6i va r 
(hlnh 4. 13). 



Hinh 4.13 . Cac giai doan cua quA trinh dAp vudt tiep theo: 
a- khdng cd chAn phdi, b- co chAn phdi. 

0 cAc giai doan cua quA trinh dAp vudt do dai cua d bifn dang hdu nhu khdng thay 
ddi, trong khi d budc dAp vudt dAu lien do su keo phdi vao trong cdi, 6 bidn dang deo bi co 
ngdn. 

Muc dp bien dang d nguyfcn cdng dAp vudt tidp theo cAn phai nho han so vdi nguyfcn 
cdng dAu tidn v! phdi da bi bUfn cung (hda bdn) cd ung suA't chav thay ddi vA sir thay ddi 
chidu dAy lhanh theo chidu cao. 
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MAI irong nhftng phuong an giai bai loan v6 sir ph&n b 6 ung sudt tai ihfti di&ti xac 
dinh cua qua irinh d$p vuAi Iren co so ly thuyet sau khi xac dinh dirge sir phin bA ting suai a 
ba phdn lu hinh hoc dan gian cua 6 bitfn dang: I, II va III (hinh 4.13). 




Hinh 4.14. Dac difcm cua qua irinh dap vutft a nguyen c6ng irung gian: 
a- bifcu dA ph3n b6 irng sudt keo; b- ede v€i ntn doc; c- c6i c6 bi mdi tich cue. 


K£t hap giai cac phuong irinh cAn bang va phirang trlnh deo cua m6i phdn 6 bien dang 
ri£ng hiet vA sir dung di£u ki£n bien a ranh giai cua ede vung nay chung la nhAn dugc cAng 
thuc 66 xac dinh ung suat keo huong kfnh I<Sn nhAi: a Pnux sinh ra khi dAp vudt mol phoi 
rAng irong khuAn kh6ng co chan v£t lieu: 


®p max “ ^Sib 


(1-)(I +pcotg<|>) + 


R 


ph 


2R 


sincp 


ph 


2r c +■ s 


(1 + l,6p) (4-15) 


irong dA: R ph - ban kfnh phAi; 

r w - bdn kfnh lugn cua ctfi. 

Ung sutft chay irung binh: a S!b lai 6 bien dang c6 th£ dugc xac djnh dua vao diremg 
Hep tuy£n vai dubng cong hod h£n loai mAi: 

°sib = a Ti> + 0»5n( 1 - r/R ph ) 

Phdn tich cAng ihurc (4-15) chiing la co the* suy ra rang: se lOn tai mAi goc nghieng lAi 
uu cua cAi de- dap vuAt sao cho khi do Op mux la nho nhSl. 

Gid tri gdn dung cua goc loi uu co ih6 dugc xac dinh nhusau: 


134 




sinqWu 


r 




(4-16) 


Tuy theo dieu kien bidn dang, goc t6i iru cua cdi dap vuot thay ddi tir (10 35) () . Khi 

dap vuot cac nguyen cong trung gian c6 the" thirc hien trong cac cdi hinh c6n cung nhu trong 
cac cdi hinh tru co ban kinh luon 6 ph£n cua vao (dang hinh xuyen) nhu khi dap vudt chi tiet 
hinh tru co vanh rong hoac dap vudt tren bang (muc 4.6). 

0 mpt thai diem xac djnh, khi tiep tuc dap vuot (nguyen c6ng 2) trong cdi hinh con se 
xay ra sir thay d6i dd cong cua be mat trung blnh theo dudng sinh cua phdi gay ra mO men 
udn a vung gidi han gitia bien dang dan hoi va bien dang deo. Khi do, trong phan hinh tru 
cua phoi chua bi keo vao trong cdi se co ung suat keo tidp tuyen oq co ihi se gay ra nhirng 
vdt nut doc trong didu kiSn nhat dinh. Sir hoa ben do bien dang cua phoi sau khi dap vuot iSn 
dau lam cho tmh deo cua no bi giam di cung gop phan tao thanh nhfrng vet nut doc do. 

Neu coi urng suat Oq la khong ddi theo chieu cao cua vung dan hdi doc theo chieu cao 
h cua phoi thi gia tri cua no co the xac dinh tir dieu kien can bang momen udn tac dung tai 
bidn giai giua vung dan hdi va vung deo cua ph6i: 

7 2 dy 

0,25<r s s R ph dy = o 0 s/ sin — 


trong do: - dy: goc phan td a tarn phoi (hinh 4.14 a), 
dv dy 

Neu coi sin— L = — va thay vao cong thirc tren chung ta co: 

. dv dy 

sin T = T 


-°s R ph 2[2 


(4-17) 


Nhu vay theo cong thi'rc (4-17) chieu cao / cua vung dan hdi se giam ddn khi ph6i bi 
keo vao trong cdi do do I'rng suat ay sc tang ddn len. Khi urng su&t gq dat gia tri urng suat 
chay tr s (hi chieu cao cua phan phoi chua bi keo vao trong cdi se la: 


L = 



(4-18) 


Chlnh vi vay phan mep tren cua phoi sc bi bien dang deo trudc khi di vao phin hinh 
con cua cdi (bdi vi 1 > 0) khi do duong kinh cua phdi tang lcn mot chut. 

Nhung nghien cuu cua I. A. Nonrsin da chi ra ding: i'rng suat keo Go xuat hicn trong 
phan phoi chua bi keo vao trong cdi, trong dieu kien nhat dinh co the gay ra nhirng vet nut 
doc, doc theo dudng sinh cua phoi (hinh 4.14b). 

ngan ngira kha nang tao vet nirt, ngubi ta da dat vao cdi 66 dap vudi mot mat ti'ch 
cue dudi dang vong dem co chieu cao H = 0,4D< ( (hinh 4.14c), nlifini chong lai sir xuat hi£n 
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cua bi£n dang theo hurdng kmh. Viec sir dung coi c6 vong d£m tfch cue cho phep tien hanh 
dap vu6t nhieu nguyen edng ma kh6ng c£n phai ii trung gian. 

4.4. TINH TOAN CONG NGHfc 


4.4.1. Kich thirdc va hinh dang cua phoi 

Xufft phat tir gia thi£t r kng: di£n tfch be 
mat cua chi ti£t da duac dap vu6t tang l£n do su 
bien mong can bang vdi phan dien tfch be mat 
cua no bj giam di do su tang day cua phln 
thanh, nghia la dien tich hi mat cua chi tiet 
khong bi thay doi so vdri dien tich hi mat cua 
phoi (khi dap vuot khong bie'n mong): 

^chi tifil — ^phoi 

Neu dieu kien nay khong duoc chap nhan, 
thi ngubi ta them vao m6t he so dieu chinh: f (3c 
de tfnh den su thay ddi trung binh cua dien tich 
be mat phoi trong qua trinh dllp vubt. He so dieu 
chinh: f dc co the duqc xac dinh dua vao cbng 
thuc kinh nghiem, gan dung cua S6pman: 


fdc = 


phoi 


F„ 



20 


(S/D). 100 


Ilinh 4,15. Sir phu thu6c cua he s6 dilu 
chinh vao chi£u day tuong doi cua phoi. 


chiliet 


0,95 + 0,8p — k; 


(4-19) 


Nhu vay muc do dap vuot K v - D pUoi /d co anh huang nhieu nhat tdi su thay doi cua h£ 
s6 dieu chinh f dL . Mire d6 dap vuot K v cang Ion thi he s6 f <Ic cang nho. 

Tiiy theo ty s6 cua cac thong so trong cong thtic (4-19) he so di£u chinh co the 
thay ddi hoac 16n han 1, hoac nho han 1 va cung co the bang 1, (hinh 4.15), do do dien tich 
b£ mat cua chi tiet sau khi dap vuot co the tang len (f Jc < 1) hoac giam di (f Jc > 1) hoac 
khdng thay doi (fj c = 1) so v6i dien Uch be mat cua phoi ban dau. 

So di nhu vay la do co su thay doi cua cac thong so K v , p, va r c6i lam thay doi ca urng 
suat keo huang kfnh va urng suSt nen ti£p tuyen o p va Ce, do do lam thay doi kich thude cua 
phdn vanh cua chi tiet dap vudt tiiy theo trng sua't keo ldn han hay img suat nen ldn han. 
Cuoi cung la do co su bien mong hoac bi£n day cua phan vanh lam cho dien tich be mat cua 
chi tiet sau khi dap vuot hoac tang len hoac giam di. 

Doi vdi cac chi ti£'t co dang tron xoay thi phdi duang nhien co dang hinh tron, vi vay 
dieu ki£n can bang dien tfch be mat giOa ph6i va chi tiet khi chieu day ph6i khong d6i co 
dang sau: 
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(4-20) 


^chi ti£» = 0,785.D pMj 
Do do dirong kfnh ph6i se la: 

^ph«’u “ l«1 ^ yj^c hiiitft 

Dien tlch b£ mat chi tUft: F chili g ( duoc xac dinh bang t6ng di£n tich cua cac phiin tir 
hinh hoc don gian tao thanh chi ti£t (hinh 4.16). Duong kfnh phOi duoc xac dinh nhu sau: 

Do = 1,13^/Fj +F 2 +.+ F n =1.13 £F, (4-21) 

Vi=! 


trong d6: F,. F : .... F n - di£n tich hinh hoc cua cac phdn tir hinh hoc don gian tao thanh chi 
lift. 



Hinh 4.16. So d6 phdn chia bo- mat chi net thanh cdc phdn tir hinh hoc don gian. 


Khi rinh loan dudng kfnh phOi d£ dap vufil chi tiet d6i ximg true can phai tinh luong 
du d6 cat mep co dang song do tinh di htrdng cua vat lieu phoi tao ra. 

Phdn nhO len cua nkp chi net thuong co chku cao khoang 20% so vdi chi£u cao cua 
chi ti£t va thuong phAn b6 d6i xting so vOi hudng can (hinh 4.17a). 
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Sir phan b<5 cua cac phdn %k cai ,% tuy thuoc vao tinh chat cua vat lieu phoi. chf do can. va 
che d6 nhiet luyfn lain can. Khi dap vuAi cac chi lift tu cdc tdm cdn nguoi v6i mire do cp 
nhc> hon 30% sail do ii kei tinh lai thl cdc "tai'’ thuong dircrc tao ra dudi goc 45°, con khi ep 
vdi luong cp Ion hon cac "tai" ihirang tao ra diroi g6c 0° va 90° so voi hirdng can cua itfm. 
Khi dap vutft cdc chi tift hang thep thi cdc “laf* thufrng phan ho a cac goc 0° va 90°. c6n khi 
dap cac chi lift bang hop kim nh6m hodc dong thau lhi cdc “tai" thuong phan b6 a goc 4S ( ‘ 
so voi huotig can cua tarn. 


Tinh' di hirdng ban ddu cua cdc tain can nguAi (iix d6 cdt thanh cdc (dm pliOi) se tao 
thdnh cdc thdf, d6 la sir dinh hirrrng ben vthig nhdi cua cac hat tinh ihe kim loai. Trong qua 
trlnh bifn dang cac hat kim loai va tap chat phi kim loai c6 dang hi keo dai. do do tao thanh 
cau true dang chuAi dirge xac dinh iruAc bdi tinh dj hiring cua kim loai. 

Sau khi dap vuAt, ihuAng lifn hanh cat mep de cat bo phan tai, tri so li/ong dir gia cOng 
d£ cdt mep All luv thuAc vao ty sO giua dirong kmh va chi6u cao cua chi lift, chifti day S 
cua phAi. Qua kmh nghifm thirc tc thi AH ^ (5 + 20)% so vdi chifu cao chi tift. Nfu chieu 
cao tuemg dAi h/d va chtfu day S cua phAi cang Ion thi lirong dir de cat mep cang Ion. 




Ilmh 4.18. Cdc phuong phap cat mep: 
a. b- cdl vanh sau do ddp vuoi liep, c- cdt mep bang khuAn. 

Vi£c cat mep duoc (hue hifn boi chay bde bao g6m phdn lam vice va phdn dinh vi. 
Phdn dinh vi co dirdng kfnh nho hon 0.2 + 0,3 mm so v<5ri duong kmh cua chi lift (hinh 
4.18a). 

Khi cat mep, duong kmh cua cA'i bang hiCu s 6 giua duong kfnh ngoai cua vanh chi tiei 
\a hat lan lirong du cat mep (d vfti = d n - 2AH), khi do sau khi cat edn phai cd nguyen cAng 
phu de dap vuot lai phdn mep cua chi tiei (hinh 4.18b) Truong hop cat mep theo so d6 hinh 
4.18c duong kmh cua cAi cat bang duong kmh ngoai ciia chi lift. Khi chay di xuAng sc cat 
bo phdn mep khAng dfti cua chi lift, sau 66 chdy nay se day chi lift chui qua cAt dap vuAt 
(hinh 4.18c). 
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Neu chi tiet duac dap vudt sau mot nguy^n cong thi viec cat mep co the phdi hop cung 
vdi nguyen cong dap vudt trong cung mot khuon. Trong trudng hop nay mep lam viec cua 
edi can phai co ban kinh luon bang ma khong nho hon 6-^-8 lan chidu day phdi: 

re = (6 - 8) S 

Mdt trong nhung phuong phap di giam sir khong dong d&u ve chieu cao cua chi tiet 
dap vudt la sir dung ph6i co hlnh dang phtfc tap, kich thude va hlnh dang cua co duoc xac 
dinh co tfnh den su di hudng cua kim loai. Kich thude cua phdi duoc xac dinh tu didu kien 
can bang thdi gian dich chuydn cua cac chat didm K va M nhm tren dudng bao cua ph6i doc 
theo cac true ddi xung cua cac phan tai va phdn lom den dudng bao cua 16 c6i (hlnh 4.19a). 
Tir di6u kien nay chiing ta nhan duoc cOng thtic di xac dinh ban kinh cung tiep tuyen vdi 
phan 16m: 

i 

r x r (2 +^).(k 2+ib -dm 

Ro>i ? + 

trong do: R cCii - ban kinh cua 16 coi. 

Cac gia tri: fy, f B phu thuoc vao sir ph&n bo cac phan tu va cac ranh lom ddi vdi hudng 
can cua tarn, chung duoc xac dinh theo cong thurc: 

v =-Ui + R«j); 

-'i(i + Ro); 

f 450 =-i(i + R; 5 ). 

Khi dap vudt chi tidi hlnh tru bang thep 08KI1 cac phin tai thudng phan bo song song 
va vudng goc vdi hudng can con cac phan lom phan b6 dudi goc 45° so vdi hudng can, do 
do: = fo va = f 450 . 

Ban kinh R {) duoc xac dinh tu dieu kien c&n bang di£n tich be mat (dien tich be mat 
khong ddi). Ban kinh R 0 va R x duoc xac dinh la kich thude ldn nhat va nho nh£t cua phdi. 
Khi dap vudt vdi phdi loai nay thi cac tai hSu nhu khdng co. Dudng bao cua phoi duoc x&y 

„ , 1 K 

dung vdi viec su dung phuong trinh cosin co bidn do bang — (R 0 - R x ) va chu ky — (hlnh 

4.19 a). Khi cat phdi phan 16m bo tri doc va ngang hudng can. Su dung phdi loai nay dd dap 
vudt chi tiet hinh tru se giam duoc (15 -s- 20%) phe li£u kim loai. Tuy nhien gia thanh cua 
khuOn cat tang len. 

Di giam su anh hudng cua tfnh di hudng kim loai den su khdng deu chidu cao chi tidt 
khi d^p vudt, ngoai vitc su dung phdi co hlnh dang phurc tap ngudi ta con su dung coi vdi 
mep luon co do cong thay ddi (doc theo dudng bao cua Id edi) hoac nung nong khdng d6u 
phan vanh phdi, hoac thay doi ap lire chan theo dudng bao cua coi ... 
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Hinh 4.19. Phoi c6 hinh dang pliurc tap d6 dap chi tiet hinh tru khong co tai. 


Khi xac dinh dudng kfnh cua ph6i dap vuot cac chi tidt co chi£u day thanh nho han 
2 mm, chung ta co the sir dung kich thuac ngoai cua chi tiet. Con khi chiSu day lan han 
2 mm, tfnh theo kich thudc trung binh cua chi tiet. 


Vf du: Xac dinh dirang kfnh cua ph6i dap vuot chi tide hinh tru khong co vanh co 
tfnh ddn luang du de cat mep AH (nhu tr£n hinh 4.19b) xuat phat tir di£u kien can bang dien 
tfch b6 mat giua ph6i va chi tiet ta co: 


TtDn 7ld i 7rd 7t . o 2 \ 

-f- = + 4 ^< h + AH > + 4 ( 2to! i r.h + 8r ch ) 


(4-22) 


Do do: 

D„ + 4d(h + AH) + 2 r ch (nd, +4r ch ) (4-22a) 

Dudng kfnh phoi co the: xac dinh m6t each gdn dung theo c6ng thurc dan gian han (neu 
coi r ch - 0; h = H; d 1 - d) 

D 0 = 4 d 2 +4.d.H = Vd(d + 4H) (4-22b) 


Khi do luang du cdt mep AH khong tfnh den bai vi vdi d va H khong ddi thi khi 
r ch = 0 difcn tfch be mat cua chi tiet se tang l£n so v6i khi r ch * 0. 

Kfch thude cua ph6i di dap vu6t chi lift tron xoay duqc tao ra bdi mOt dufrng cong 
phire tap duac xac djnh bang hai phuang phap: 

- Phuang phap bieu d6 giai tfch. 

- Phuang phap biiu d6 thuan tuy. 


i-A) PHUONG PHAP BIEU DO GIAI TICH 

* Dinh ly Gungiena-Papysa: Di£n tfch be mat cua mOt vat thi tron xoay duac tao ra 
bai mdt dudng cong phang ba't ki khi quay quanh mdt true cung nam tren mat phang do bang 
tfch so giua do dai cua dudng sinh (d6 dai dudng cong) vdi chu vi vong tron co ban kmh 
bang khoang each tir trong tam cua dudng cong d€n true quay (hinh 4.20). 
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Fcht = L.2.7r.x 
L - do dai dudng cong. 

L = /| + /j + + / 0 

n 

L=I'i 

i=i 

x - khoang each tir trong tarn cua dudng 
cong den true quay, ^ i 

De thuan Iqi cho qua trinh tinh toan, ngudi Hinh 4.20 . Xac dinh d6 dai dudng cong 

ta chia dudng cong thanh v6 s6 cac doan nho va va dien tich m&t tron xoay phurc tap. 
co the coi la cac doan thing. 

Phuang phap bi£u d6 giai tich la sir ket hap dung bie’u do d6 xac dinh d6 dai cua cac 
doan cong (duqc coi la cac doan thing) va khoang each tir trong tarn cua cac doan cong nay 
den true quay, sau do dung phuang phap giai tich de xac dinh dudng kinh cua phoi. Dudng 
cong duqc ve vdi ti le thich hop, tir do chung ta chia dudng cong thanh cac doan nho (co th£ 
coi la cac doan thing) hoac cac phan tu dan gian. Sau do xac dinh do dai cua cac phan tir va 
khoang each tir trong tam cua cac phin tir den true quay. 

Kbi do chung ta d6 dang tim duqc dien tich be mat cua chi tie't bing t6ng dien tich ciia 
cac phin tir dan gian lao thanh chi tie't: 

= ^ ^lU ^2*2 + ^n*n) = ^TtRtbL 

trong do: 

/, , I 2 »...»/ n - ^0 dai ciia cac phan tir; 

i { , r 2 . r n - khoang each tir trong lam cua cac phin tir den true quay. 

L = /, + / 2 + ... + / n = Yih 

i=l 

N6'u /, = / 2 = ... - / n = / thi L = n.l 




1-B) PHUONG PHAP BIEU DO THU AN TUY 

Phuang phap nay cho phep xac dinh duqc kich thude cua ph6i ngay tren bieu do. 
Dudng cong duqc ve vdi ty le thich hqp va chia thanh cac phin tir rieng biet (cac doan 
thing va cac doan cung tron). Qua trong t&m ciia cac phin til ve cac dudng thing song song 
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voi true quay. Xac djnh d6 dai cua cac phdn tir: /,. / 2 ,... / n . 

Til nira duemg thing song song vdi true quay: Ax a ngoai, ta dit li£n tiep d6 dai cua cac 

n 

phin tir £ /, = L. Sau do tir mOt difc'm M bit ky o ngoai Ax ke cac tia: l. 2, 3 ... n den diu mui 
i=i 

cic phdn tir/,, / 2 ... /„. 

Tai m6t di£m N bit ky tr£n duong thing qua trong tiro cua phin tir thtr nhit la ke cac 
tia 1' va 2* song song vdri tia 1 v& tia 2. Qua giao di£m cua tia 2’ v6i duong thing qua trong 
tarn cua ph&n tir thur hai. ta ke tia 3' song song v6i tia 3. Cuf nhu viy cho den khi ta co tia n’ 
song song vdi tia n. Cac tia gioi han l ’ vi n’ cat nhau tai S. Khoang each ttr diem S din true 
quay chinh la khoang each tir trong tarn ciia duong cong den true quay: R s (hinh 4.21). 



Hinh 4.21. Phuong phap b\6u d6 xac dinh dufrng kfnh phdi 
khi dip vu6t chi tiit tr6n xoay. 

Nhu viy theo dinh ly Gungiena-Papusa ta c6 dien tfch be mil ciia chi tiet se la: 

F th/i = L.2n.R s 

Tir su cin bang dien tfch be mat giua ph6i va chi tie! ta c6: 

Fphoi^"-^ 1 =L.27i.R v 
D () =2.R„ => R' = 2.R S ..L 

Tren nira duong thing Ax dai ti^'p m<M doan thing BC = 2R S n6i tiep voi L. Ve nira 
duerng tr6n duong kfnh AC vi doan BK 1 AC tai B. DO dai cua doan BK = R„ chfnh la bin 
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klnh phoi de dap vudt chi tiet tron xoay dirge tao ra b6i duemg cong quay quanh true yy (K 
la giao diim cua duang vu6ng goc vdi AC tai B vdi nua duemg tron duemg kmh AC). Ngay 
nay chung ta co the su dung cac phSn mem tmh toan de xac dinh dien tich cua cSc be mat 
vat the . 

4.4.2. Lire va cong bien dang, lire ch£n phoi 

a- Lire bien dang 

Luc bien dang a giai doan diu cua qua trinh tao hinh la m6t ham so phu thude vao goc 
6m a (hinh 4.22). 

P u - 2.7t.p.S.o p max .sina 
trong do: p = r - r ch (1 - sina). 

d 

r = 2 

Tir cong thuc trfcn co the suy ra rang khi goc a dan den 
0 thi luc bi6'n dang cung din ddn 0 ngay ca khi a p-max co gia tri 
lan. Dieu do la do hinh chie'u cua cac luc thanh phSn gay ra bai 
ung suit o p max len true cua chay la rit nho. 

Cung vd?i viec keo ph6i vao trong edi, goc a din ti£n 
d£n nil. Sau khi dat dugc giA tri nay thuc te no vSn khong thay 
ddi va kh6ng anh huemg den lire. 

Khi goc a tang, hinh chieu cua veetd a p max len true cua 
chay cflng tang len va dat gia tri cue dai khi goc a = nil. 

Pma* = 2nr.SCp. inax (4-24) 

Neu thay gia tri cua cr p max theo edng thuc (4-3), (4-13), (4-15) vao (4-24) chung ta co 
th^ nhan dugc cac cong thuc de xac dinh luc bien dang khi co chan va khOng co chan ph6i a 
nguyen cong dap vuot lin diu va nguyen c6ng dap vuot tidp theo. 

Trong trudng hop can phai lira chon thief bi theo th6ng sd luc, thi luc bien dang dugc 
xac dinh mot each gan dung theo c6ng thuc dan gian han. Chang han luc dap vudt co the 
xac dinh bang tich s6 giua urng suat keo huemg kinh lan nhit tai 6 bi£n dang deo trong dieu 
kien thuc te' cua qua trinh dap vuot (c6ng thurc 4.5) voi dien tfch tiet dien ngang cua chi tiet 
co dudng kfnh d. Sau khi thay vao cong thirc (4-5) a s =a b va khai tridn thanh chufii ldgarit. 
cua ti so DJd (chi chu y $d hang diu tien cua chudi) chung ta co dugc c6ng thiic de xac dinh 
luc bi£n dang: 

P = 7t.d.S.G b (K - 1) (4-25) 

trong do K = DJd - mure d6 dap vudt (K = 1/m) 

Anh hudng cua su hoa bdn va luc ma sat trong cong thtic nay voi mure d6 nhat dinh 



Hinh 4.22 . Sa dd tac 
dung luc a giai doan dau 
cua qua trinh dap vudt. 
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diroc tinh den bdi (D^d - 1) > ln(D t /d) va c b > a s . 

Theo Romanopski lire bidn dang duoc xac dinh bang rich cua o h vdi dien tich tiet dien 
ngang cua chi titft va he so dieu chinh \\ gia tri cua he s6 nay tuy thude vao mure dd bife'n 
dang, chi£u day tirong ddi cua phdi va thur tu nguyen c6ng dap vudt. 

P = ^.a b .7i.d.S 

He sd ^ duac xac dinh theo bang tr£n ca so cac sd lieu thuc nghiem. Ddi vdi nguyen 
cOng dap vuot dau tien = 0,28 -s- 1,1. Ddi vdi nguyen cong dap vudt thir hai = 0,15 + 1,1 
v.v... Gia tri cua he sd ^ tang I6n khi mure dd bidn dang va chi6u day tuong doi cua phdi 
tang. 


b - Luc chan phoi 

Luc chan phoi can phai dam bao thoa man hai dieu kien: mdt la tri so cua no khong 
qua ldn de co the gay dut day khi dap vudt, hai la khdng qua nho de co the gay hien tuong 
nhan tai vung bitfn dang deo. 


Luc chan phoi co ihi xac dinh mdt each gan dung bang tich so cua ap luc chan rieng 
trung binh q vdi dien tich phan vanh cua chi tiet: F v nlm dudi tlm chan 6 then diem bit dlu 
dap vudt: 

Q = q.F v 

Khi dap vuot chi tiet hinh tru tu phdi phlng, 
lire chan co the xac dinh theo edng thurc: 

Q = 0,785. [d ( 3 , - (d + 2.^) 2 ] .q (4-26) 

Khi dap vudt nguyen cong trung gian, lire 
chan xac dinh theo cong thurc: 


Q n = 0,785. 


(4-27) 


jU-(d n +2.r c )‘ 

trong do: n - thu tu nguyen c6ng dap vudt; 

d n _|Va d n - dudng ki'nh cua phoi trude va 
sau khi dap vuot. 

Ap luc chan rieng q phu thuoc chu ye'u vao 
tinh chit co hoc cua vat lieu, chi£u day cua phoi va 
muc do bien dang: 

q = (0,8 ^4,5) MPa 



Hinh 4:23 ♦ Su phu thude cua ap luc 
rieng vao chieu day cua phoi ung 
vdi cac mure do dap vuot K. 


Tuy thuoc vao cac y£u td, ndu chieu day cua phoi va muc do dap vuot K = D ph /d cang 
ldn thi ap luc chan rieng q cung cang ldn (do thi hinh 4.23). 

Co the xac djnh luc chan khi dap vuot tu phdi phang mdt each gin dung tir edng thurc 
kinh nghiem: 
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Q = 0,1. 


. K 2 .P 


(4-28) 


18.K.S 
(K - 1).D 0 j 

trong do: P - lire dap vu6't theo edng thurc (4-25). 

Tu c6ng thurc (4-28) co the suy ra rang: Khi mure (16 bien dang tang len (K = D ph /d 
tang) va Inc dap vuot tang thi lire chan Q tang 16n. Khi chidu day tirong doi cha ph6i giam 
(100S/D ( ) giam) thi lire chan Q cung tang len. Neu (D () - d = 18.S) thi Q = 0 tuc la khong c£n 
phai sir dung tarn chan. 

Ngudi ta da xac dinh dirge rang: Khi dap vud't Inc chan co th£ thay doi trong m6t 
khoang nhat dinh tir Q max den Q min . Khoang thay d6i (Q mjx - Q m j n ) nay tuy thu6c vao mure 
do bi£n dang cua phoi. Neu mure do bi£n dang cang ldn thi khoang thay d6i ciia lire chan Q 
cang nho (hinh 4.24). Chi khi dap vuot vdi mtfc d6 bien dang trong gidi han cho phep thi lire 
chan Q co the la mot trj s6 xac dinh. Do do khi dap vu6t vdi mure do bien dang cang ldn, 
cang can phai can than khi difeu chinh khe hd giura mat coi va vanh chan cua khudn. 


5,<kN 



Hinh 4.24. Quan he giua khoang thay d6i lire chan (Q max - Q m i n ) va mure do bien dang. 


Trong qua trinh dap vuot lire chan c3n phai dam bao sao cho kh6ng bi nhan va thay 
ddi cung vdi sir giam d£n chidu rong cua ph£n vanh, no phu thuoc vao mdc do bien dang 
tong c6ng, chieu day va dac tfnh co hoc cua vat li£u. 


c- Cong bien dang 

Cong bi£n dang A co thi dirge xac dinh bang c6ng thurc: 

H H 

A= jP.dh =2.n.T.S. jo Prnix -dh (4-29) 

0 0 

Khi khong tinh den hoa b£n: \\t = 0 va c s = a b ; trong didu kien bien dang da cho, umg 
suat keo hudng kinh a p tnax (trong cong thuc 4-13) co dang: 

Q s 


°p.mux — P- a S- 


^ r ^ Tt.R.Sa.. + 2,r. + S 


(1 + 1,6p) 


(4-13a) 
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Trong c6ng thuc nay ban kinh R se thay doi trong qua trinh dap vudt va dirge xac 
dinh tir dieu kiAn can bAng dien tich be mat giua phoi va chi tiAt. Khi ban kinh lirgn cua c6'i 
va chay nho so vdi dudng kinh cua phoi thi: 

R = 


2.r.H 


(4-30) 


Tir cac cong thtre (4-29); (4-30) va (4-13a) 6 tren chung ta co the xac dinh dugc c6ng 
bid'll dang khi dap vudt khdng tinh den sir hoa ben ciia vat lieu: 


A= Tu.r\(K-l).S.a s . 


InK - 


K 2 -! 


2(-i.Q 


- + 


4,K 2 7t.r.S.(K + l).a s 2.r c + S 


.(1 + 1 . 6 //) 


(4-3i) 


trong do; K - D (l /d - mure do dap vuot. 

Tir cong thtic (4-31) Iren chung ta co the thAy rAng: edng biAn dang se tang khi mure 
do dap vuot K, be so ma sat ja, lire chan Q, chiAu day tuang doi cua ph6i S/D 0 va ban kinh 
cua chi tiAt dap vuot r tang [An. Neu K = 1 thi A = 0 (D 0 = d —> khdng dap vuot). 


4.4.3 .Mure do bien dang gidi han 


Mure do bien dang trong qua trinh dap vudt co the ducc dac irung bdi nhieu chi tieu 
khac nhau. C) day chung ta coi mure d6 bien dang khi dap vuot la ty so giua hieu dien tich 
tiAt dien ngang cua phoi va chi tiAt vdi di£n tfch tiet dien ngang cua ph6i khi coi chiAu day 
thanh chi tiet Mu nhu kh6ng thay dtii (dap vudt khdng co bien mong thanh). 


Vv = 


^n-1 



Vi mure do dap vuot K = 



nen ta co: 


Vv 


K -1 
K 


(4-32) 


trong do: d n _| va d n - ducmg kinh cua phoi va chi tiet a nguyAn cong thu n - 1 va nguyAn 
cong thut n. 

Tir cong thuc (4-32) chung ta co the thay ngay rAng: khi mtic do dap vuot K cang ldn 
thi mire d6 bien dang vp v cang ldn. 

Se ton tai mot muc do bien dang gidi han vpv^h v * do l ^ n tai mure do dap vudt gidi 
han: K gh ; khi do irng suAt tai tiet dien nguy hiAm cua chi tiAt dap vudt gSn tdi trj so pha huy. 

ViAc xac dinh mure do dap vudt gidi han; K gh bAng phuong phap ly thuyet rAt phirc tap. 
Su phurc tap cua no la do ung suAt keo cAn thi At de lam chay deo phan vanh phoi phu thuoc 
vao rat nhiAu yAu to. Mdc d6 anh huang cua cac yeu td nay chi co the xac dinh mdt each gan 
dung do hang loat cac gia thi At dua ra trong viec phan tich trang thai ung suAt bien dang, ma 
dieu kien pha huy chi tiet lai dua trAn co sd cac yeu 16' thuc nghiAm. 
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Vi v£y viec xac dinh mure d6 dap vudt gidri han ly thuyet chi co ihi la gan dung. Muc 
tieu co ban cua viec giai bai roan nay la xac dinh mdi quan he ham s6 gifra cac thong so va 
cac ydu 1 6 xac dinh, anh hudng ddn gia tri cua mire d6 dap vuot giai han. 

Mot trong nhung kdt qua cua viec xac djnh muc do dap vudt gidi han nguyen edng 
dau khi dap vuot co chan trong coi hlnh tru co tinh den su hoa bin cua vat lieu, lure ma sat 
tiep xuc va ung suat uon (do sir dung phuong trinh 4-13) tir dieu kidn can bang a p m . ix vdi 
urng suat chay (j v (mot each gin dung co the coi la bang giai han bin cua vat lieu phoi 


a, = o b ) la: 


K gh = exp 



_J_ 

1 + l,6p 


S 

2.r c +S 


n-Q Y"* 
7t.R.S.a b J 


(4-33) 


Viec tinh toan theo c6ng thuc (4-33) cung chi cho kit qua gan dung, tuy nhien no da 
phan anh duoc ban chat v$t ly cua qua trinh dap vudt, boi vi tir viec ph&n tich edng thiJc tren 
cho phep chiing ca xac dinh duac dac didm va mure d6 anh hudng cua cac yeu to den gia tri 


cua K 


iih ■ 


Chung ta co th^ tha'y ngay rang didu kien o p max = ar h chi la gan diing, bdi vj gia tri 
cua Op max la gia tri thuc, con gia tri cua <7 h la gia tri qui udc. Ngoai ra nhtfng thf nghiem di 

xac dinh dieu kien dirt day khi dap vudt la a p max = (1,1 l,2).o b . H£ sd didu chinh 
(1,1 -r 1,2) la di bit cho gia thiet da dua ra, khong lam mat di quan h£ ham sd giua K gh va 
cac ydu to anh hudng den gia tri cua no. 

S 

Khi dap vudt cac chi tiet co chieu day tuang ddi nho ( — .100 < 0,1). Sir hinh thanh 

cac nep nhan co dac di£m ddc dao la: tat cd cac song di qua toan bo phdn vanh tao ra mot 
so Iticrng lan cac song nhan nho co chieu dai nho theo hudng kink. 

Khi do dat ra dieu ki£n de ap lire chan rieng cua tarn chan can phan bd tr£n toan bo be 
mat ta'm chan mdt each dong deu: 

Q 


q = 


it.(Ro -r 2 ) 


Ndu tinh den dieu kien nay chung ta $e nhan duac cong thirc di xac dinh Crng suat keo 
hudng kmh co dang nhu sau: 


R 


CT 


pmax 


x =P a s In—+ 


p.Q 


r 7t.(R + r).S.a s 2.r c + S 


(1 + 1,6m) 


(4-34) 


Neu so sanh ket qua tinh toan theo cOng thirc (4-34) va cong thirc (4-13a) chung ta co 
ihi xac dinh duac rang: Khi ap lire chan rieng (va do do ca luc ma sat) duac phan bd dong 
deu tren be mat cua vanh thi urng suat d tiet dien nguy hi^m se ldn han so vdi khi ap lire chan 
rieng (va ca luc ma sat) chi tac dung a ph£n mep cua vanh. 
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Neu sir dung dudng cong hoa b£n dang:a K =Ce n (trong do e = ln— la muc do bien 

dang logarit) de giai bai toan nay thi chung ta se nhan dupe ket qua dirori dang mot ham giai 
ifch khdng xac dinh. 

Vi vay viec giai bai loan nay dupe thirc hien bang may tmh. Ket qua 3a cac dirong 
cong vat cac true toa do K va W. Khi \i bang hang so con n bien thien (nhir hinh 4.25a) va 

khi n bang hang s 6 con 1 1 bien thien (nhu hinh 4.25b) trong do th6ng s 6 W - ~'^' r . Ttr 66 

a b .e n .S 

thi chung ta co the thiy r£ng: mure 66 dap vudt giai ban K gh se tang len khi q va r giam; hoac 
khi a h , S va n tang (nghia la K gh tang khi W giam). 



Hinh 4,25. Sir phu ihuoc cua mure 66 dap vudt gicri han K gh vao dai lupng W: 
a- khi [i = const; b- khi n = const. 


Tmh di hudng v£ tinh chat ca hoc cua cac t&'m can nguoi co anh hudng tdi sir bie'n 
dang giefi han khi dap vuot. Khi he so di hudng thong thuang R > 1, kim loai co kha nang 
chdng lai su bien mong va do do mure do bien dang giai han sau mdt nguy£n cong co the 
tang len. Trong trudng hap nay c£n chu y he sd di hudng nho nhat R inil , (ma khong phai la 

he so Idn nha't ho&c irung binh) bdi vi trang thai tdi han (xu&'t hien co that) phat sinh giOa 
cac phdn tai (canh hoa) a ch6 bi lorn vao tire la theo hirdng R* mm . 


Mure dp dap vudt gicri han co tinh den sir di huang cua kim loai co the dupe xac dinh 
neu su dung dieu kien chay cua Mizic-Khile. 

Ddi vdi kim loai dang huang a trang thai bien dang phdng, dieu kien chay co dang: 

a| - a ? = p.a s 


trong do: 




1 + R 


4i 


(4-35) 


+ 2.R 


Tir edng thirc (4-35) co the suy ra rang: Su thay doi cua R * lir 1 dtfn 2 lam cho he so p 
tang len khoang 1,2 lan va co anh huang d£n tri s6 K gh tmh loan. 
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Hinh 4.26, Su phu thuoc cua mure dp vufit gidi han K gh 
vao he s6 di huPng th6ng thuPng R * lin . 

Hinh 4.26 bieu dien quan he giCra mure do dap vuot giPi han (K gh = D 0 /d) va tri so 
R min , no dupe xay dung co tmh den su di huPng cua kim loai. Tir 66 thj ta th4y r&ng khi 
R* ljn tang len thi K gh cflng tang len va khi R* min > 1 thi tri so mure dp dap vuot gidi han Ion 
han so vpi khi R[ nin = 1 (khi kim loai dang huPng), nhung khi R mm < 1 thi K gh Lai nho han 
so vai khi rV = 1 

Mure do dap vuot nhan dupe b&ng phuang phap tmh toan la mure do dap vufit giai han. 
De dam bao cho qua trinh dap dugc 6n dinh, gia tri cua mure dp dap vufit c4n phai giam di 
(10 ~ 15)% so vPi tinh toan. NghTa la mure dp dap vuPt cho phep [K] dupe xac djnh nhu sau: 

K gh 

[K = - »(0,9 -s- 0,85)K„ h 

U + 1.15 h 

Mire do dftp vuPt cho phep co the xac djnh tren co so thuc nghiem va nhtfng sP lieu 
cua thuc te san xuat. Trong cac s6 tay cong nghe thuPng co cac bang de xac djnh mure dp 
d4p vufit cho phep (hoac he so dap vuot cho phep). No dupe sir dung rong rai cho cac ky sir 
khi thiet ke cac quy trinh cong nghe san xua't cac chi ii6t d^p vuot. Trong “Sfi tay dap nguoi” 
cua Romanopski mure dp bien dang khi dap vuPt duac danh gia bang he sfi d3p vuot: 

m = d/D 0 = L/K 

Va a cac nguyen edng trung gian: m n = -p 1 -. 

Chfnh Vi vfty gia tri cua he so dap vuot m luon nho han 1 va khi tri so cua he sP d^p 
vufit cang nho thi muc do bien dang cang lfin va ngupc lai. 

Neu phai dap vuot qua nhieu nguyen c6ng ma khong qua u trung gian thi a cac 
nguyen cong sau mure do dap vuot K c4n phai giam diSn do su hoa bdn cua v&t lieu phoi. 
ThuPng 6 nguyen cPng dau va nguyen cong dap vuot thvt hai gia tri cua mure dp dap vuot co 
su chenh lech dang > K 2 do P nguyen cong dau tien, kim loai chua bi bien edng va cin 
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phai sir dung 161 da tfnh deo ciia kini loai. 0 nhung nguy£n cPng sau. muc do dAp vuo’i K c6 
ihC? giam din vai mure do khric nhau ft. Vdi mire do gin dung cd the coi K : * - K 4 = 

K n = cons! Di£u do co the ihiie hien dirge la vi cung vai sir tang bien dang chi circrng do hod 
b£n kim loai cung giam din. 


4.4.4. Xac dinh so nguyen cong va kich thirdc phoi d cac nguyen cong trung 
gian khi dap vuot chi tiet hinh tru 


Neu chimg la biet dirac mure do dip vuot cho phep a nguyen c6ng diu va cac nguyen 
cOng sau (bang phirang phap tfnh toan hoac theo s6 lieu thirc nghiOm) thi chung la co l ho* de 
dang xac dinh dirge dndng kmh cua ban lhanh phim 6 cac nguyen cOng irung gian: 


d. 


d, =— , d, 

K i 


d| _ D<> 

K 2 K,.K z 


^2 _ Dn j ^ d n _! _ D (> 

K, K,K : .K, n K n Kj.K 2 ...K n 


(4-36) 


--C 


: (ft 


mu * $£M Mi 


■M 




' 3* 


Hinh 4.27. So do xac dinh sd nguyen cOng dap vufl't. 


N£u chung (a coi ring khi dap vu6t khong qua u irung gian. mifc do dap vuot 6 cic 
nguyen c6ng sau thay d6i kh6ng dang ke. nghla li: 

K 2 = K, = K.| = ... K n = K 

Khi do chung ta co; 

d,= 


d = 



D„ 

k 2 

K|.K 

d 2 

D (1 

K, ‘ 

K| K : 

dn-l _ 

Do 


K 


K,.K 


n-l 


(4-36a) 
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trong do: n - so nguy€n cong dap vuot; 

K - mure do dap vu6t trung binh a cac nguy£n cong sau: 

K = *^2 + + - + K n 

n -1 

De xac dinh s6 nguyen cGng n chung ta co the sir dung dang thuc (4-36a), bang each 
logarit ca hai ve: 

Do , . 


'grf n = lg( 


K,.K 


D, 


l + 


•gdn-lg^- 

*4 


(4-37) 


Neu xac dinh dirge ducmg kmh cua cac ban thanh phim sau m6i nguyen cong dap vuol 
va cac ban kmh lugn cua day (r ch ) chung ta co the xac djnh dugc chieu cao cua cac ban 
thanh pham: H|, H 2 .... H ft tir dieu kien can bang dien rich be mat gitfa phoi va chi tjet (hinh 
4.19b): 

0,785.Dj = I 7 ! = F 2 = ... = F n 


trong do: Fj, F 2 , ...» F n - dien tfch be mat cua cac ban thanh phim trong m6i nguyen cong 
dap vuot. 

Tir cong thirc (4-22) ta co the xac djnh dirge chieu cao cua cac ban thanh phim hinh 
tru khong co vanh: 


it Do-d?-2J th (n.d,+4.r ch ) 

H -- — — + r ch - AH 


(4-38) 


trong do: AH - iugng dur de cit phan mep khong deu; 

d = (d|+ 2.r ch ) - ducmg kmh cua chi tiet (hinh 4.19b). 

Co the’ xac dinh mot each gin dung chieu cao H bang each coi r L . h = 0 va AH = 0. Khi do: 


Hn 


(4-38a) 


trong do: d n - ducmg kinh cua ban thanh pham a nguyen c6ng thtr n. 

Cong thuc (4-38a) dugc su dung de xac dinh phin lam viec cua chay vuot, chieu cao 
cua vong chan va chon hanh trinh lam viec cua may ep. 

Ban kmh lirgn cua coi r c co the suy ra tir c6ng thuc (4-34) co anh hudng den gia tri cua 
mire d6 dap vuot gidi han K^ h . Khi ban kmh lugn cua edi tang thl muc do dap vuot gidi han 
cung tang. Tuy nhien, su tang qua mire ban kmh lugn cua coi se din den lam giam dien rich 
chan cua ph6i va co the se gay ra hien tugng nhan. Ngoai ra, tir cong thirc (4-34) chung ta co 
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the* thay ring: khi ban kinh luan cua edi r c lan han (6 * 10) lan chieu day s cua phoi. thi mite 

do dap vudt gidi han cung khong tang,Vi vay tri so ban kinh luofn cua coi liy trong khoang 
(6-r 10) lan chieu day vat li^u phoi, tuy theo chiSu day vat lieu. Neu s > 4 mm thi lay r c vdi 
tri so nho han, con khi chieu day nho han thi l&'y r c , vdi tri sd ldn han. 

Kfch thude lam viec cua chay va edi khi dap vudt phu thuoc chu yeu vao kich thucfc 
cua chi tiet; khc ha mot phia giua chay va edi Z. Kich thirdc lam viec cua chay va coi co lien 
quan dtfn mure do bien dang cua chi tiet dap vudt. Khi d^p vudt cac chi tiet can co kich thirdc 
dirbng kinh ngoai chinh xac thi khe ha duac lay bang each giam kich thirdc cua chay, con 
kich thirdc cua coi lay bang kich thude gidi han nho nhat cua chi tiet. Khi dap vudt cac chi 
tiet can cd kich thude trong chinh xac thi khe he duac lay ve phia edi, con kich thude cua 
chay ducc lay bang kich thude gidi han ldn nha't cua chi tiet. 

Neu tinh den su mai mon trong qua trinh lam viec (khi mdn dudng kinh cua coi sc 
tang len, con dudng kinh cua chay se giam di) thi kich thude lam viec cua chay va coi cd the 
xac dinh theo cac cong thurc sau: 

- Khi kich thude ngoai cua chi tidt efin chinh xac: 

D c rti - (Dj nj , - 0,8 A) +8c 

= (Dj ng _ 0,8A - 2Z) _ 

- Khi kich thude trong cua chi tiet can chinh xac: 

Dehay “ (Dj ng + 0 t 2A). § ch 
D a *j = (D,| „ g + 0,2A + 2 .Z) +5l 

trong do: 

Dj n| , - kich thude danh nghia cua chi tiet; 

A - dung sai chd tao chi tiet; 

5 C , 8 ch - dung sai che tao coi va chay; 

Z - khe ha mdt phia giura chay va edi; 

Z = S' > /D 1J /D dl 

S* - chidu day vdi dung sai duang cua vat lieu phdi. 

4.4.5. Vi du 

Tinh toan kich thude cua phdi va cac thong s 6 edng nghe de d£p vudt chi tiet hinh tru 
khong co vault nhu tren hinh 4.28. Vat lieu chi tiet la thep 20 co chieu day S = 1, gidi ban 
chay o r = 250 MPa, gidi han ben c b = 420MPa va dd co that tuang ddi y = 0,25. 

Ba&c l . Xac dinh dudng kfnh phoi phAng 

Dudng kinh phoi duac xac djnh (cd tinh den lucnig du de eh mep) theo cong thtfc 
(4-22a),Vdi chieu cao tuang ddi cua chi tiet H/d - 200/100 = 2, theo so lieu “So tay dap 
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nguoi” luong du de cat mep sau khi dap la 8 mm. Vi chieu day thanh chi tiet nho han 2 mm 
nen co th i rinh duang kinh phoi theo cac kich thudc ngoai cua no: 



Hinh 4.28. Chi tiet dap vuot. 


Buoc 2: Day la chi tiet co ty sd H/d >1 va chi<§u day tuang ddi cua phdi nho 
S 1 

( — .100 = .100 = 0,33) do vay c5n phai dap vuot co chan phOi. 

Mure do dap vuot cho phep a cac nguyen c 6 ng phu thuoc vao chiSu day tuong ddi cua 

S 

ph 6 i; veti ban kinh lupn a day du Ion (r^ > 6 S) va chi£u day tuang ddi cua phdi — .100 - 

0,33 chung ta co the xac djnh durpe: 

K\ = 1,72; K 2 = 1,37; - 1,25; K 4 = 1,22. 

Budc 3: Xac djnh kich thirdre phdi if cac nguyen cong trung gian 

d,= = 304/1,72 =176 mm; d,= h. = 137/1,25 =110 mm; 

K i K 3 

d, = - 77 - = 176/1,37 = 137 mm; d 4 = 77 ^- = 110/1,22 = 90 mm. 


Dufrng kinh ngoai cua chi lidt la 100 mm nhu v&y mire d6 d&p vuot thuc td if nguyen 
cong thu tu se la: 

K 4 = 110/100= 1,1 


Nhu vay 6 nguyen c6ng thur tu,chua sir dung het mure d6 bidn dang cho phep. Do do 
trong nhieu trudng hop, chung ta co th^ ph&n dPu mure dp bien dang cho cac nguyen edng 
dap vudt va co the qui tron dudng kinh cua cac ban thanh ph&m nguyen cong trung gian. 
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Trong tmdng hap nay, chung ta c6 the’ phan chia lai muc d6 bien dang a cac nguyen 
cong vdi cac h£ so K nhu sau: 

K { = 1,69; K 2 =K28; K 3 = 1,22 va K 4 = 1,15 
Khi do chung ta se co dudng kinh cua ban thanh pham a cac nguyen cong: 

dj - 304/1,69 » 180 mm ; d ? = 140/1,22 % 115 mm 
d 2 =180/1,28 « 140 mm ; d 4 = 115/1,15 = 100 mm 

Buac 4. Xac dinh chieu cao cua ban thanh pham a cac nguyen cong dip vuot (theo 
cong thuxr gan dung 4-38a): 

H, = (304 1 - 180 2 )/ (4 x 180) = 84 mm; 

H 2 = (304 2 - 140 2 )/ (4 x 140)= 130 mm; 

H 2 = (304 2 - 1 15 2 )/(4 x 115)= 172 mm; 

H 4 = (304 2 - 100 2 )/(4 x 100) = 206 mm. 

Bitdc 5: Xac dinh lire dap vudt; lire chan va cong bien dang 
Luc bien dang d cac nguy£n cong dap vuot dugc xac dinh theo cong thuc (4-25): 

P, = 3,14 x 0,18 x 0,001 x 420 x (1,69 - 1) =0,165 MN = 165 kN 

P 2 = 3,14 x 0,14 x 0,001 x 420 x (1,28 - 1) =0,052 MN = 52 kN 

P 3 = 3,14 x 0,115 x 0,001 x 420 x (1,22 - 1) = 0,033 MN = 33 kN 
P 4 = 3,14 x 0,10 x 0,001 x 420 x (1,15 - 1) - 0,020 MN = 20 kN 

Cac tri so lire bien dang tfnh loan tren se la cac tri so lire cong nghe thuc te neu sau 

m6i nguyen cong dap vuot ticn hanh u trimg gian phuc h6i tfnh deo. 

Luc chan a nguyen cong diu tien dirge xac djnh theo cong ihtic (4-28) v6i Kj = 1,69 

Q, =0,1 x (1 - 1,69 2 x 0,165 = 0,0403 MN = 40,3 kN 

1,69 — 1 0,304 

Neu chung ta lay r c = 6S = 6 mm, chung ta co th £ xac dinh dirge ap luc chan rieng doi 
vdi nguyen cong dap vu6t dau ticn theo cong thuc (4-26): 

0,0403 


9 = 


0,785.[0,304 2 -(0,180 + 2.0,006) 2 


= 0,92 MPa * 1 MPa 


Gia sir ring: a cac nguyen cong sau, ap lire chan ri£ng vdn khong thay doi va bing 
1 MPa thi khi do luc chan a cac nguyen cong dip vuot tifc'p theo se la (theo cong thuc 4-27): 

Q 2 = lxO,785x [0.180 2 - (0,140 + 2 x0,006) 2 ] = 0,0073 MN = 7,3 kN 
Q 2 = lxO,785x [0,140 2 - (0,120 + 2x0,006) 2 ] = 0,0017 MN = 1,7 kN 
Khi thuc hicn nguyen c6ng dap vudt kin 4 theo tieu chudn dira ra trong muc (4-3) viec 
chan phOi ia khong can thitft. 

Cong bien dang khi dap vufit nguyen cbng dau dugc xac dinh theo c6ng thuc (4-31) 
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vdi K, = 1,69: 

A - 3,14 x 0,05 2 x (1,69 2 - 1) x 0,001 x 250 x [0,525 - 

1.69 2 - 1 2 x Q,1 x 0,0403 _ 0,001 

4.1.69 2 + 3,14 x 0,001 x 0,05 x (1,69 + l)x 250 + 2 x 0,006 + 0,001 


= 0,00215 MJ =2,15 kJ, 

Bucfc 6: Chon may ep 

• Phuong an 1: T&'t ca cac nguyen c6ng d&p vuot den duoc thuc hi£n tr6n may ep tac 
dong kep (may ep song dong). Trong trudng hap nay lire cua ddu truqt trong a thcri 
didm bit dau dap vu&'t can phai dam bao lan han 165 kN, con lire cua dan trirat 
ngoai Ion han 40kN. Hanh trinh cua diu truat trong can phai 16n hon 400 mm. 

• Phuong an 2: Tat ca cac nguy£n cong dap vu6t duqc thuc hien tren may ep true 
khuyu tac dong dan. Trong trirang hap nay luc danh nghia cua may can phai 16n 
hon 200 kN, con hanh trinh cua no cSn phai lbn han 400 mm khi dly ngircrc va ldn 
han 200 mm khi dly chi tiet chui qua c6i. 


4.5. DAP VUOT CAC CHI TI&T IRON XOAY HINH DANG PHtJt TAP 


Ngoai chi tie't hinh tru khdng co vanh phuong phap dAp vuot con co the nh|n duqc 
nhung chi tiet iron xoay co hinh dang phurc tap nhu: chi u£i hinh tru co vanh, chi tiet hinh 
tru bac, chi tiet hinh c6n, va cac chi tiet iron xoay duqc tao ra bdi cac dudng cong phlng 
quay quanh mot true (trong do co hinh clu)... 

Vice che tao cac chi ti£t loai tren se rat kho khan do dieu kien bien dang kho khan 
han so vdi khi dap vuot chi tiet hinh tru khong co vanh hoac co vanh nho, Vi v&y khi dap 
cac chi tiet iron xoay hinh dang phurc tap ngudi ta ihubng sir 
dung nhurng giai phap nhat dinh, cho phep nh&n duqc chung 
ma khong bi pha buy. 


4,5.1. Dap vuot chi tiet hinh tru co vanh rong 

Khi d(ip vuot chi tiet hinh tru co vanh rdng ngudi ta co 
the dap vuot qua nhi£u nguyen edng va khong can chan phoi 
blng hai phuong phap: 

- Keo phoi vao trong coi bang chay truyen ap luc ]£n 
day chi tiet va phan cuoi cung cua no se duqc nln phlng 
thanh phln vanh trong mot khuon rieng. 

- Dap vuot dong thofi vai vi£c dly phoi vao trong coi bai 
luc dly dat a phan mat dlu cua phoi va se nln phlng thanh mat 
vanh a then diem ket thuc qua trinh d|p vuot (hinh 4.29). 



Hinh 4.29. So d6 dap vuot 
chi tiet hinh tru co vanh : 
a- khdng co dly phoi; 
b- co dly phoi. 
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Phucrng an thir hai dupe su dung nhieu hem bai vi khi day ph6i se tao ra ting suit n6n 
doc true va nhung ting suit nay Jam giam nhe tai trong a tiet dien nguy hi£m. Dieu do cho 
phep tien hanh dilp vuot nhieu nguyen c6ng ma khong can phai u trung gian vpi mtic dp bi£n 
dang tong edng Ion hon tr6n cac may tu d6ng dap vuot nhieu vi tri. 

Dac diem c6ng nghe khi delp vuot chi t\6i hinh tru co vanh rpng la ngay .sau nguyen 
cong d^p vuot dau lien, kfch thude dirdng kfnh cua vanh (theo nhu ban ve chi tiet co tfnh den 
lupng du de cii mep) da dupe tao ra. O tit ca nhung nguyen cOng .sau, direfng kinh nay van 
khong thay doi, qua trinh bien dang xay ra do su giam dudng kinh cua phan hinh tru, tang 
chidu cao va tang chidu rpng cua phin vanh (hinh 4.30). 


Do 



Hinh 4 JO. Qua trinh dap vuot chi tiat hinh tru co vanh rpng. 

Chieu cao cua chi tiet sau nguyen cong dap vuot dau tien dupe xac dinh tir dieu kien 
can bang dien tfch hi mat gitia phdi va chi ti£t. 

n 2 - h 2 

h, = -^+0,86.r th{1) 

trong do: - dudng kinh cua chi tift a nguyen c6ng 1; 
d v - dudng kfnh vanh cua chi tift. 

Chieu cao cua chi ti£t (ban thanh pham) 6 nhung nguyen cong sau dupe xac dinh theo 
c6ng thu:c: 

K = (K\ - 0,86.^.,))^ + 0,86r ch (n) 
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trong do: r ch(n .|) va r ch {n) - cac ban kfnh luan cua chi tifift a cac nguyen c6ng thix (n-1 )va (n); 
K n - mdc d6 d£p vudt 6 nguyen cdng thu n; 

h n .| - chieu cao cua chi tieft a nguyen cOng n-1, Hoac co the xac dinh chieu cao cua 
chi tidt d nguyen cong thir n theo cong thurc: 


h " = 4d^ +o ’ 86r - 


(n) 


Su phan bO the tich kim loai 6 cac nguyen cong co anh hucfng ldn den mure dd bien 
dang tdng c6ng khi dap vudt co day phdi. Dudi tac dung cua luc d^y, phan thanh chi tidt 
duac tang day va m6t phan tang day cue b6 cua no dupe chuydn thanh phan vanh, vi v&y the 
rich cua phSn hinh tru se giam di, va khi d$p vuot chi tiet co thd bi dut day. Chinh vi v&y, de 
cho qua trinh dap vu6t duac cm dinh va thu£n lai, khi tmh toan chieu cao cua ban thanh 
pham, cSn phai them vao mot luqng kim loai a nguyen c6ng trude dd bii cho su bien day 6 
nguyen cong sau. 6 nguyen cong dap vuot diu tien ngudi ta thudng tang th£m tir (20^25)% 
luang kim loai vuot vao trong coi so vdi nguy£n cong cudi cung va phan bd deu luang kim 
loai nay cho cac nguyen cong con lai. 

Khi dap vuot cac chi tidt hinh tru co vanh rdng, vifcc d£y phoi (d6ng th&i vdi qua trinh 
dftp) duac thuc hien bai mot tam d&y dac biet duac bd trf trude 6 trong khudn. Tam day nay 
duac tua vao m6t thidi bi dem hoac vao vai chav. Chay co vai khong chi day phdi vao trong 
edi ma con udn va n&n phang phdn vanh khi kdt thuc qua trinh dap vuot. 



Hinh 43L Cac giai doan tao hinh khi dap vuot va d&y chi tiet hinh tru co vanh rong. 

Cac giai doan cua qua trinh dap vuot chi tiet hinh tru co vanh rong duac bidu dien tr6n 
hinh 4.31. 

Ngu luc d£y qua ldn se dkn den su mat 6n dinh cua phoi, tao ra nhurng vong I6i tai 
viing chuydn liep gitia phan udn tu do va phan hinh tru kh6ng bien dang cua phoi. Sir m£t 6n 
dinh didn ra theo chu ky lam thay d6i luc day va tao ra cac vong ngan trdn be mat hinh tru 
cua chi tiet. Dd khic phuc hien tuqng nay cin phai giam luc d£y, do do giam luc ma sat tidp 
xuc hoac tang ban kfnh luan cua cdi. 
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4.5.2. Dap vudt chi tiet hinh tru bac 

Cac chi tiet hinh tru Me thudng duoc dap vudt qua nhieu nguyen cong (hinh 4.32). 
Bac dau tien co dudng kinh d| duoc dap vuot tu phoi phang sau mot hoac mot vai nguyen 
cong, sau do dudng kfnh d, cQng nhu dudng kinh vanh D v (neu nhu ban ve chi tiet co vanh) 
se khong thay ddi va cac Me tiep theo co dudng kfnh d 2 , d^ d n duoc dap vudt a cac 
nguyen c6ng sau la do su pMn b 6 lai kim loai tuang tu nhu khi dap chi tiet hinh tru co vanh 
rong. 

Chieu cao cua cac ban thanh pham d cac nguyen cong dap vudt duoc xac dinh dua vao 
diSu ki£n can bang di£n tfch bi mat va can phai tinh toan chinh xac. Neu chieu cao cua ban 
thanh pham d nguyen cong trude bi thieu thi d 
nguydn c6ng sau rat de bi dut day. De de phong kha 
nang bi dut day edn phai tang them (3 -s- 5%) dien tfch 
bi mat cua ban thanh pham 6 nguyen c6ng trude, 
luong kim loai them vao nay cSn phai duoc tmh de'n 
khi xac dinh chieu cao cua ban thanh pham. 

Trong trudng hap khi muc do dap vudt tong 
cong nho han muc dd d£p vudt cho phep thi co thi 
d^p vudt chi tiet hinh tru bac sau mot nguyen cong: 

Khi do su hinh thanh cac bac d thdi di^m kdt thuc qua 
trinh dap kem theo su giam chieu day thanh d cac goc 
cua chi tiet. 


d r 


d. 



Hinh 4.32 . Cac bude dap vudt 
chi tiet hinh tru bac. 


Mire do dap vudt tdng cong co ih£ xac dinh dua vao cong thuc kinh nghi£m: 


K,,s ^ h 


hi h 
+ h, + h, 


+ ...+ 


n-1 


+ 1 


d l _j_ h 2 


^2 Do 


, ^ n-l d n-1 , ^_n 
h„ ' Dn bn 


trong do: h b h 2v - h n - chieu cao ciia cac bac; 

d 1% d 2l ... d n - dudng kfnh cua cac bac. 

Neu muc do dap vudt tdng c6ng K l( -; ns < [K] thi co the dap chi tiet sau m6t nguyen 

edng. 


Khi dap vudt chi tiet hinh tru bac qua nhieu nguyen cong thi muc do dap vudt d m6i 
nguyen cong can phai dam bao nho hon mure dd dap vudt cho phep. Neu muc do dap vudt d 
mot bac nao do ldn hon mire d6 cho phep thi phai dap qua mot vai nguyen edng d£ dat duqc 
kfch thude cua Me do. 

Ngudi ta da dua ra mdt nguydn tac chung khi dap vudt chi tidt hinh tru bac bao gdm 
nhfmg di£m sau: 
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- Dubng bao cua chi tict duac chia thanh cac phdn tu b£n trong va bbn ngoai. Truac 
lien phai dap cac phan tu ben trong trudc sau do dap cac phin tu bbn ngoai sau va vanh se 
dirge dkp a nguybn cong cubi cung. 

- Trong nhitSu truang hap ngubi ta thircfng dap s a bb hinh dang duang bao cua chi tibt 
v6i cac phin thanh thing va nghieng vai ban kinh goc lugn Ibn, hinh dang cubi cung cua chi 
lift (chfnh xac thco ban ve) duac tinh chinh 6 nguy£n cong cubi cung. 

- Sau m6i nguyen cbng can phai keo vao trong cbi mbt lugng kim loai khbng nhfmg 
du de bibn dang cho nguyen cong sau ma can phai co lugng kim loai du thua tir (3 4 5%) so 
vai tinh toan di de phong bi dut day. 

- Neu la chi tiet hinh tru bkc co vanh rbng thi phai tukn theo nguybn tic dap vubt nhu 
doi vai chi tiet hinh tru co vanh rorig di tao ra phan vanh. 

4.5.3. Dap vuot chi tiet hinh con 


G\c chi tibt hinh con dirge chia thanh 3 loai tuy iheo goc c6n a va chieu cao luang doi h/d: 

- Hinh c6n th&p h/d = 0J 4 0,25 va goc giua dirfrng sinh vdi phuong thing dting x - 
50 4- 80°. 

- Hinh con trung binh h/d = 0,3 0,7; a = 25 4 45°. 

- Hinh con cao h/d > 0,8 va a = 10 4 30°. 


Khi dap vubt chi tiet hinh c6n tu phbi phang, dac diem bien dang cua qua trinh dap 
vubt la chay chi tibp xuc vai phbi mbt dien rich nho tai vung tarn phoi, con phan Ion vanh 
phoi duac tu do, kh6ng tibp xuc vai chay va vanh chan, khbng chiu lac dung cua ngoai luc 
(hinh 4.33a). Vi vay khi chay keo phbi vao trong cbi d£ tao thanh chi tiet thl tai vung nay 
phat sinh nhurng ung suit keo huang kmh a p va tmg suat nen theo phuong tibp tuy bn qq. Dieu 
kien can bang cua phan tu nim trong vung khao sat duac dua ra nho chibu cac luc len phuong 
phap tuyen v6i be mat trung binh cua ph&n tu. Khi a n = 0 phuong trinh can bang c6 dang: 


ZfL + 

R P Ro 


- 0 R p 


<*e 


trong do: R p va Rq - ban kmh cong cua be mat trung binh cua phan tu phoi trong mat cit 
kinh tuyen (doc) va vT tuyen (ngang). 


Khi 09 = 0 thi R p = 00 nghia la chi khi khong co ung suft tiep tuyen 09 thl dubng 
sinh cua chi tiet co thb la dubng thing, con v 6 i tat ca cac gia tri khac cua 09 dirong sinh cua 
chi tict se la duang cong. Chang hau khi ting suit a p va ae khac dbu nhati duang sinh cua 
chi lift co dang 16 i va neu cung dau thi d 6 cong cua no giong nhu do cong cua mat cit 
ngang (hinh 4.33b), Tuy nhibn khi Cq = 0 theo dieu kien deo c p = pa s , dieu do khi dap vubt 
khong cho phep, bci vi co thb se din den dut day chi lift. Vi vay, nbu mubn nhin duac chi 
tiet hinh con thap co duang sinh thing, trong qua trinh cbng ngha can phai du tinh nguyfti 
cong nin phin mat cbn cua chi tiet. 
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Dudi lac dung cua ung sua't nen ticp tuyen oo phiin cOn cua chi tiet (nftm ngoai vdng 
chan) c6 the’ bj mat dn dinh v& tao thanh cdc s6ng nh&n. DS lam giam ung suit nen cto c&n 
phai tim each tang umg sutfl keo cr p theo hudng kinh. Boi v] khi tang a p (theo didu kien deo: 
a p + ae = p.a N ) thi ung su;it nen Oq se phai giam di. 

Mdt trong nhtxng phtiong phap dd tang ung su£t kdo hudng kinh o p la dap vud't ede chi 
tiet hinh edn trong cac c6i cd gin vudt (hinh 4.33c). Gan vuot cd tac dung lam tang trd lire 
bien dang trdn quang dudng dich chuydn phan vanh phdi vao trong c6i f do dd lam tang ung 
sua't kdo o p . Tuy nhi£n khi tang ung suat keo hudng kinh a p sc gay ra sir biS'n mong thanh 
va cd the’ dan den sir pha huy chi tiet (durt hoac rach). Chfnh vj vay kich thude cua g£n vud't 
can phai chon sao cho mure dd tang cua ung suat k£o hudng kinh khdng gay ra su dut day 
cua chi tiet. 




Hinh 4.33. So dd dap vud't chi ti£t hinh edn thip. 

Cd'i cd gan vud't duoc sir dung de dap vudt ede chi ti£t hinh edn tuong dd'i tha'p cd ty s 6 
h/d ^ 0,3 (trong dd d- la dudng kinh day Idn cua hinh con). 



IUnh 4.34. So d6 dap vud't c£c chi tiet hinh edn trung binh. 
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Khi d&p vuot cac chi tiet hinh cdn trung binh 0,3 < h/d < 0,7 co the co chan hoac 

khong co chan phdi tuy ihuoc vao chieu day tuang doi cua phoi ( — 100%). Khi -100% 

D(i Do 

> 2,5 thl co th6 dap vud't khong can chan trong coi kin sau mot nguyen cong. 

Phan mieng cua coi duqc luqn cong d£u va chi tiet duqc ndn phSng phitn mat con 6 

S 

cu6i qua trinh dap (hinh 4.34a). Khi — 100% < 2,5 can phai dap vuot co chan phoi a phan 

Do 

vanh va thudng phai dap qua 2 nguyen cong (hinh 4.34b). Khi do ban thanh phfim 6 nguyen 
cong dau co dang cong dcu va dirdng kinh cua no bang dirdng kinh day ldn cua hinh con, 
con chieu cao duqc xac dinh til diCu kidn can bang di£n rich be mat giua phoi va chi tiet. 


Cac chi tiet htnh cdn cao h/d > 0,7 va goc nghieng cua dirdng sinh vdi phuang thang 
dung oc = 10 + 30° can phai dap qua nhieu nguyen c6ng theo hai phuang phap sau; 

• Phuang phap thir nhal: Dap vu6t nhidu nguyen cong d£ tao thanh chi tiet hinh tru 
bac, sau do la phang de tao thanh hinh con trojig khuon dac biti (hinh 4.35a). 
Phuang phap nay co nhupc diem la be mat chi tiet c6n khong bang pbQng. Vi vay 
can phai tien hanh gia cong tren may miet de lam nhSn bd mat con sau khi dap. 

• Phuang phap Chur hai: O nguyen cong diu d&p vuot thanh hinh tru co duang kinh 
bang dubng kfnh day ldn cua hinh con, sau do mdi nguyCn cong tiep thco se tao 
dan be mat cua hinh con cho den khi dat duoc mat c6n hoan chinh theo ban ve 
(hinh 4.35b). Chat luqng hi mat cua chi tiet c6n khi dap theo phuang phap nay 
cao han so vdi phuang phap thu nhat. 

Khi dap vuO't cac chi tiet hinh c6n cao theo phuang phap thu hai, d£ ngan ngua kha 
nang tao n£p nhan, a lat ca cac nguyen cong (trir 


nguyen cong dau) c4n phai lay gia tri mire do dap 
vuot cho phep lan han (so vdi gia tri trong bang). 
Chlng han ddi vdi thep cacbon th4p K gb - 1,2 1,35. 

Khi dap chi tiet hinh con theo phuang phap thu" 
hai, duang kfnh cua cac phan hinh tru d cac nguyen 
cong duqc xac dinh giong nhu khi dap vu6t chi tiet 
hinh tru, nghia la: 



Chi tiet hinh c6n cao cung cd the duqc che tao 
tir phoi rdng hinh tru bang each dap vuot co nen doc 
true \’i phfa day. Khi do phoi duqc day vao trong c6'i 
hinh con vdi luc day tac dung len.be mat d£u cua no 
(hinh 4.36.a). 



a) b) 

Hinh 4,35 . Cac phuang phap dap 
vuot chi tiet hinh edn cao. 
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Trong qua trinh 6p di/ang kinh cua phAn day phdi giam dan. Khi dirong kfnh day bang 
khoang mot nira dudng kfnh phdi ban d;iu thi phSn ddy phang ban diu se bi 16i ra, dieu do sc 
tao dieu kidn thudn loi cho vi£c tao hinh ph^n dinh cdn. 

Giai doan k£t thuc qufi trinh dap chi tiet hinh c6n cao bang phuong phap nen doc true 
dugc bieu diSn Iren hinh 4.36.b. 



Hinh 4.36. Ddp chi tiet hinh con cao bang plnrang phap cp doc true: 
a- giai doan bat ddti; b- giai doan ket thuc. 

Khi dap theo phuong phdp nay s 6 nguyfcn edng giam di dang k£ so vtji phuong phap 
truyln thd'ng. 

4.5.4. Dap vuot chi tiet ban cau 

Di£u kicn bien dang khi dap vuOt chi tiei ban cau tir phdi piling sau mdt nguyen edng 
cung tirong tu nhir khi dap chi tiet hinh cdn. Sir khde biet la 6 ch6 khi dap vudt chi tid't hinh 
con tha'p, phdn phdi tie'p xtlc vdi chay bi bi&'n 
dang dan h6i cdn khi dap vudt chi tiet ban 
cdu hau nhu loan bi> phdi ngay ca ph£n tiep 
xuc voi chay diu hi bien dang deo. Ngoai ra 
khi dap vudt chi tiet ban cau. 6 giai doan dau 
cua qua trinh bien dang phan dieu tfch phoi 
tu do khdng chiu tai (so vdi toan bo phoi) 

Idn hem so vdi khi dap vuot chi ti£t hinh cdn. 

Tai nhQng vung khde nhau cua phdi 
trang thai urng suat (TTUS) va bien dang 
cung kh$c nhau: Tai vung 15m phdi TTLfS 
phang gdm hai thanh ph4n ung sua't keo; cdn 
d vung mep lam vice cua edi TTLTS phing. 



Hinh 4.37. So d6 trang thai \lmg suat tai 6 
bien dang 6 giai doan dau cua qua trinh 
dap vudt khi dap chi tiet ban cau. 
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nhimg co ung suat nen theo hudng tiep tuy£n oo va ung suA't keo hudng kinh c p . Hinh dang 
cua dudng sinh a phan ph6i tu do kh6ng mang tai co dang dudng cong I6i (hinh 4.37), 

Do a vung tAm cua phoi bi bien dang vdi hai thanh phan ung suai keo nen bi bien 
mong cue bp va lam tang dien rich be mAt tiep xuc cua chay vdi ph6i. Neu luc ma sat tren be 
mat tiep xuc cua chay nho hoac khong co (chang ban khi dap vdi chay bang chat long), sir 
bie'n mong qua mire tai vung nay co th£ dan d£n su xu&'t hien nhfrng vet nut tai dinh cua no 
hoac 6 nhtfng vung lan can. 

Dii tang dirqc luc ma sat nhAm phong toa su lan truy£n cua vung co kha nang bi pha 
huy (dinh chi tiet) ngudi ta thudng sir dung khu6n dap co doi ap nhiim ep chat phoi vao be 
mat cua chay, hoac khuon co b& mat chay d\sgc lam tang do nham tai vung ti£p xuc vdi phoi. 



a) b) 1 c) 

Hinh 438 «. Cac phucfng phap dAp vudt chi tiet ban cau. 


Khi dap vuot chi tiet ban cau, 6 vung phoi tu do khong chiu tai co the' tao thanh nhung 

S 

nep nhan tuy thuoc vao chi£u day tuang doi cua phdi —* 100. Vi vay ngudi ta thudng chon 

Do 

phuang phap dap vu6t chi ti£t ban cau vdi di£u kien khdng co nep nhan. Neu chieu day 
S 

tuang doi cua phoi —— 100 > 3 thi co the dap vuot khong cSn chan sau mot nguyen c6ng 
D(i 

trong coi dac vdi qua trinh tao hinh va nAn a cudi hanh trinh dap (hinh 4.38a). Ndu chieu 

S 

day tuang doi cua phoi .100 < 3 thi viec dap vudt chi ti6t ban ciu se dupe thirc hipn co 

chan phoi trong coi hd va co gAn vuot (hinh 4.38b) hoac dap nguqc chi£u tir phoi hinh tru 
(hinh 4.38c). 


Cac chi tidt sau, co thanh mong vdi dudng sinh cong (dang nhu pha den cua cac thiet 
bi chieu sang) thudng duqc dAp sau mpt vai nguyen cOng. U nguyen c6ng dau lien ngudi ta 
dap thanh chi tiet hinh tru co day phang hoac l6i, dudng kinh cua no 16n hon dudng kinh day 
ciia chi ti£t mot lupng bang 2 lan chieu day cua thanh vong coi vu6t d6 co the dap vuot 
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ngugc (dio chi^u); thirong tir 30 + 50 mm. Ci nguySn cOng cuOi cung ngu6i la ii£n hanh dap 
vuOi ngtrpc tirphOi hinh tru (hinh 4.38c). 

De clap vuOt cdc chi ti£t dang day cAu ngufri la con sir dung mOt phuang phap hap lv 
han la phoi hap gifra dap vu6t ngi/oc va dap vudt ihuAn. Vice keo phoi qua hai mep lam vide 
cua vong chav edi (hinh 4.39) se lam tang ung suat k£o tai vurig day cua chi lid'i. di6u d6 
lam gnim ung suit nen Cy va vl the han che hien tirong nhan. Ciing vdi vide giam din duftng 
kinh cua phAn mep chi tiei dOng thdi vdi vide giir chat phoi a giai doan ddu cua qua trinh 
dap vuOt ihuAn lAm tang muc da On dinh cua phOi. Khi dap vuO't se hinh thanh nhfrng n£p 
nhan khong 16n va se duac la phang trong qua trinh dich chuyAn phoi vac? khe ha giua chay 
\'k cdi. 



Hinh 4.39. KhuOn 66 dap vudt ph6i hap dao chiAu chi tiei day cAu 


4.6. DAP VlldT LIEN TUC NHlEu NGUYEN CONG TREN BANG 

Ban chat cua qua trinh IA dip lidn tuc nhieu nguyfcn cOng cac chi tiei ban thanh 
phim mOl cich true litfp tr£n bang. 

Cac ban lhanh pham duac giu a ir£n bang nhd ede mach n6i da duac tfnh loan trude 
66 co th£ li£n k£t hoAc ep ci c bin thanh pham vAo ede h6c tuemg ting. 6 nguyfcn cOng cudi 
cung, chi lifei se duac cat theo dudng bao vA tach ra khoi bang (hinh 4.40). 

Khi dich chuyen bang urong dO'i vdi khuOn ihi tAl ca cac ban lhanh pham cung dich 
chuyln iheo. Chinh v! vay bang kirn loai con la phuang ti£n 66 “van tai" cac ban thanh 
pham. Tren bang co the dap cac chi tiei co hinh dang khac nhau nhu: cat - dot cac chi tiei 
phang: udn cac chi \i€i cong a trong khuOn va dap vu6t, l£n vanh cac chi tiei rCng v.v... Kich 
thude cua cac chi Iid't dap vudt tr£n bang thuong khOng 16n (khoang 40 * 50 mm) c6n kich 
thude cua ede chi uei nhan duac bang phuang phap cat-dot co th£ dat 200 * 250 mm v6i 
chi^u day bang tir 2 + 3 mm. 
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a) 



b) 



Hinh 4.40. Cac budc d^p vudi tr 6 n bang: 
a- khdng c 6 cat irich, b- c 6 cdt inch. 

Tren cac bang rong 330 mm ngirai la c 6 the dap cac chi ti£i vo cua den pha 616 , irong 
khuOn 9 vj irf lac dung liCn me voi chi£u dai khuOn khoang gdn 4000 mm. 

Nhung uu viet khi dap tren bang la: nang suai rdt cao. an toan trong qua trlnh lam 
viec. co klui nang tu dong hod qua trinh truy£n ph 6 i bang vao irong khudn va co ihS kei hop 
mOt s 6 lugng Ion nguyen c 6 ng irong cung mdi kiui 6 n lac dung li£n luc (d£n 10 nguy£n 
edng) irong khi khu 6 n tdc dung phoi hop chi c 6 Ih & ket hap 2 den 3 nguyen edng. 

Nhugc die’m cua phtrong phap nay la kich thude cua chi ti£t dap bi han che, luong kim 
loai phe lieu nhuiu do phai tang in s 6 mach ndi. (hid bi de dap phurc lap vd ddt tidn, do vdy 
chi ihfch hap voi san xuai hang loat Ion vd hang khdi. 

Qua irinh dap vuot cac chi lici 6 iren bang co ih & thuc liien iheo so 66 dap vutft cac 
chi uei co vanh r 6 ng (xem hinh 4.30). 

De xac dinh dirdng kmh cua ban lhanh pha’ni 6 ede bude dap vucM c5n phai biei dirge 
mure do dap vudi cho phep a m 6 i nguyen cong. Gid iri cua muc d 6 dap vu 6 t cho phep dirge 
xac dinh trong s 6 lay va trong cac tai li£u ky thudl chuyen nganh. 

D 6 i v 6 i thep ede bon thdp gid tri cua muc 66 dap vuO't cho phep thay d 6 i tu (2,63 * 5 * 
1,96) 6 nguyen edng ddu va tir (1,37 4 - 1,19) 6 ede nguyen cong irung gian. Cac gia iri cua 
muc d 0 dap vudi a tren la cac gia tri tcri han, vi vay khi thiet k£ quy irinh c 6 ng nghfc edn phai 
ldy gid tri giam di tu 10 4 - 15%. 

Neu dap vu 6 t 6 iren bang tien hanh theo so 66 dap vu 6 't chi ti£t hinh tru c 6 vanh rdng. 
d 6 ng thdi co day ph 6 i vao irong c 6 'i thi muc d 6 bien dang t 6 ng cong khftng c 6 ii irung gian, 
c 6 lh£ rdl 16n; mure dc> dap vudt ling cOng cho phep d<5i vdi ihep cacbon thdp co the* den 
7,14; d 6 i voi nhom: 6,25; ddi voi d 6 ng than J162 va J163 la: (5 + 3,7). 
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Khi d&p vu6t d tren bang lire bien dang can thiet de chon may co th£ xac dinh mot 
each gan dung (co sir du thira m6t chut) bang t6ng cac lire bien dang 6 cac bade dap (trong 
do co ca luc cat trt'ch, lire cdt mep vanh va luc nin phSng vanh...). 

Dap lien tuc nhi^u nguyen cong tren bang diroc sLr dung rong rai trong cac nganh cong 
nghi£p khac nhau ch£ tao cac chi titft khdng ldn trong san xu£t hang loat ldn va hang 
khoi. 

4.7. DAP VUOT CAC CHI Tl^T HINH HOP 
4.7.1. Trang thai umg suat va bien dang 

Tuy thuoc vao cac thong s 6 kich thtrdrc cua hinh h6p va s6 nguyen cong cin thiet 
ngudi ta chi a cac hop thanh 2 loai chfnh: hinh hop thap va hinh hop cao. Cac chi tiet hinh 
hop thap thudng duoc dap vutft sau m6t nguyen cong, con cac chi ti£t hinh hop cao edn phai 
dkp nhieu nguyen cong. 

Cac chi liet hinh hop co chi£u cao tuemg d6i H/B < (0,6 0,8) va ban kfnh luon 

tuemg dd'i d goc hop r g /B > 0,1 duoc coi la hinh hop thap. Con cac hinh hop co H/B > (0,6 

-r 0,8) duoc coi la cac chi u€i hinh hop cao. 

Khi dap vuot cac chi tifift hinh hdp, 6 bien dang deo la a cac goc hop, no bao trum 
mOt vung ti£p giap cua phdn vanh va canh ben cua hop. Trang thai ung suat a phAn goc cua 
vanh la trang thai ung suat phAng con trang thai bien dang la khdi. Cac phan thanh thAng cua 
chi tiet co trang thai ung suat - bidn dang phuc tap va khong d6ng d£u: nen doc chu vi va 
keo theo hudng thAng diing (hinh 4.41). Chieu cao cua chi tidt cang Ion thi dac d'\£m v6 su 
phan b 6 urng su£t va bi£n dang khong dong d6u cang ldn. 

Khi dap vuot cac chi tiet hinh hop, tai cac goc va phAn luon cong cua vanh khong 
chi co cac urng su£t phap a p va Oq tac dung theo hudng kmh va hudng tiep tuyen ma con co 
ca ung suat tiep va xe p (theo dinh luat ddi ngAu) tac dung theo hudng doi tiep vdi hudng 
cua urng suAt phap (hinh 4.41). Nhung urng suat tiep nay phat sinh la do su bien dang khong 
co tinh dd'i xtfng true va do do dAn den su ph&n bo bien dang khong d6ng deu doc theo chu 
vi cua chi tiet. Tai dudng ph&n giac cua phan goc hdp khong co umg suat tiep (vi no la true 
dd'i xurng cua phAn nay) con a ch6 tifip giap giua phan thAng va phan cong cua dudng bao, tri 
s 6 cua ung suat tid'p dat gia tri cue dai. 

Do tinh lien tuc cua kim loai, nhung ung suat tiep nay giam din theo hai hudng nguoc 
chieu nhau: mOt v£ phia dudng ph in giac cua goc 2y va mot vd phia phan ihanh thing cua 
dudng bao (hinh 4.41). 

Cac ung suat tiep con thay doi ca theo chiAu rdng cua vanh, no tang din tir mep luon 
cua c6i dd'n mep ngoai cua ph in vanh. Nhu vay umg suat tiep thay ddi doc theo hai toa dd: p 
va0 (hinh 4.41). 
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Hinh 4. 41. Bi£u do ting suat a ph6n vanh khi dap vu6l chi liei h’mh hop thilp. 


A G. Ovtrinhikdv da difa ra c6ng thtic de’ xac dinh ting suSTl keo hudng kmh bang 
c£ch ph6i hap giai phuang tr'mh cAn bang va phirang trinh deo vai cac di£u kien bien, khi 
0 = 0 va p = R thi: 

M-0 


a, 


a P = 


n.R.S 

<*s 


V5 


In— -0 2 
P 


ti-Q 

n.R.S 


(4-39) 


Phan licK cOng thtic nay chung la co ih6 thay rang: ting suat keo o p $£ tang len khi p 
va 0 giam Neu p = r g va 0 = 0 (hi ting suit keo huang kmh dat gi«$ tri cue dai: 


ct s R u.Q 

= —t- In—+ 
y.V3 r g 7lR * s 


(4-40) 


irong do: r g - ban kmh luon 6 gdc h6p; 

R - ban kfnh hran 6 mep ngoai cua vanh; 

Q - luc chan phoi. 

Bang thirc nghiem nguai ta da xac dinh duac rang: goc y x&c dinh dti choan cua 6 
bien dang deo cd th£ duac coi bang l radial: y = lrad. 

Trong truang hap nay ting sufti keo hirting kfnh cue dai lai 6 bi£n dang se la: 


_ a s R 

°pmax “ • in _ * 

V 3 


pQ 

n.R.S 


(4-40a) 
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So sanh ket qua da nhAn duac (khftng tinh s6 hang thu 2) vdi cOng thuc (9-5): 
a p =p.a s .ln— chiing ta c6 th£ thay rang: khi dAp vu6l chi ti£t hinh hdp. ung suAt a pfmix tai 

phAn guic cua g6c 2y (0 = 0) nho han 1,73 ldn so vdi urng suAt kco hudng kmh cue dai khi 
dap vutfi chi net hinh tru c6 ciing kich thude d = 2r g . Di6u do la do sir mA't lac dung cua cac 
ung suit ti£p, xuAt hien do sir bien dang khdng ddi xurng true khi dap vutft chi ti£t hinh hop 
va hudng thuftn lai cua cAc urng suA't nay la tir tAm cua phAn cong dtxdng bao d£n gidi han 
gitfa viing uon va dap vu6l. Ket luAn nAy da duqc thuc te xac nhAn: mure do bien dang gidi 
han cho phep khi dap vuot chi tiet hinh hdp thAp, cao han khoang l ,5 + 2 ldn so vdi khi dap 
vuOt chi Uel hinh tru. 

Khi dap vudt cac chi tict hinh hop co thanh mdng, 6 cac goc hop thudng co cac ung 
suAi phap tac dung theo huang tttfp tuyfn, co gta tri ldn han so vdi ung suit phap tac dung 
doc theo phAn thanh thing cua hop. Khi bo tai trong lAc dung se xuai hien bien dang dan hoi 
d phAn goc va phAn thanh thing khac nhau din den sir xuat hien nhurng ung suit nen cd the 
gay nen u6n dan hdi phin lhAnh. 

4.7.2. Xac d|nh kich thirdc va hinh dang cua phoi 

H /r <5 


b) 


a) c) 

Hinh 4. 42. So d6 xAy dung phin dudng bao cua phOi a goc hdp d 6 
dap vudt chi ti£t hinh hdp thAp vdi chi£u cao tuang dd'i khac nhau: 
a- H/r g <5; b- H/r g = 5; c- H/r g > 5. 

Kich thirdc va hinh dang cua phdi d£ dAp vudt chi tici hinh hop duac xac dinh tir di&u 
kidn cAn bing dien itch b£ mat giura phdi va chi ti£'t. Hinh dang cua phdi tuy thude vao ty s6 
giua cAc thOng sd kich thude co ban cua hdp nhu: chiAu cao tuang d 6i H/B; chiAu rdng tuang 
dd'i B/A va ban kinh tuang dd'i d goc hop r^/B (xem hinh 4.42) Tuy theo cac kich thude 
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tifong dfii cua chi tid't ma ngudi ta co th£ sir dung cac phuang phap khac nhau de xay dung 
duang bao ciia phdi. Nhiing phuang phap xly dung dudng bao cua phdi va llnh vuc su dung 
chung da dirge dira ra irong cac s6 tay cong nghe. 

Cluing ta hay khao sat truth tir x&y dung duang bao cua phoi cho mdi s 6 trudng hap 
thucmg gap trong thuc te: 

X&y dung dudng bao cua phdi de dap vu6t chi tict hinh hop th&’p co ty so H/r g < 5 
(hinh 4.42.a). 

1) Duang bao cua chi tict trong cac hinh chieu dugc ve vdi ty le thich hap, sau do khai 
tridn ph5n thanh thing cua hop trdn mat phSng, dd dai khai trifcn ciia phSn thanh th&ng L 
(duac tfnh tCr phan day piling cua chi tiet) dugc xac dinh nhu khi xac dinh kich thudc ciia 
phOi u6n: 

L = H + 0,57.r d 

trong do: H - chieu cao ciia hdp; 

rj - ban kinh luan a day hop. 

2) Fir dieu kien can bang dien tich b£ mat giua phOi va chi ti£t chung ta co the xac 
dinh dirge ban kmh phdi d goc hdp (de tao ra hinh tru co dudng kinh d = 2.r g vdi chieu cao 
H va ban kinh a day bang r a ciia hop). 

R () =^/ r s (r E +2H)-r d (0.86r g +0.l4r d ) 

Neu ban kinh lirgn a day nho (r d - 0) thl ban kinh phoi d goc hop se la: 

R 0 = N /r r (r g + 2H) 

3) Tir tarn O (tam ciia ban kinh iugn c goc) ve cung ab vdi ban kinh R 0 cat cac canh 
thdng Oc va Od la gidi han ciia cac phan thanh thSng. 

4) Qua diiSm giua m va n ciia cac doan ad va cb ve cac tiep tuyen v6i cung tron ab. 

5) Hieu chinh dudng bao cua phdi tai nhung diem g£p khuc bang cac cung co ban 

kinh R 0 

Nhu vay phuong phap xay dung dudng bao ciia phdi de dap vuot chi tie't hinh hop 
thelp d tren, phan kim loai bi cat bo di d phdn thanh (hang (tam giac mdf) se dugc bii lai bdi 
phin kim loai them vao d phan goc (tam giac akm) do co su chay kim loai d goc Iugn sang 
phan thanh thing (hinh 4.42.a). 

Khi chichi cao tirang doi d goc hop H/r^, = 5 thl hinh dang ciia phoi d goc hop khong 
phai la dudng cong 16i nhu H/r g < 5 ma la mot phdn duang ihdng vdi ban kinh chuyein tiep 
nho. Khi H/r, > 5 hinh dang phdi d goc bi lom vao trong (hinh 4.42b va c). 

Thuc nghiem da chirng minh rdng: dap vudt cac chi tiet hinh hdp cao co th£ sir 

dung phdi la hinh tron co dudng kmh D 0 dugc xac dinh dua vao didu kien c&n bdng dien 
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tich be mAt giCra ph6i va chi lift. Neu khOng tfnh den bAn kinh lugn d day va a goc. khi do se 
khdng tfnh lugng du di cat mep (di&i do cho phep khi xac dinh mOi each gan citing) thi 
dirfmg kfnh cua phdi co the’ xac dinh theo edng thurc: 

D 0 = t.i 3 -Vb.(B+ 4H) (4-41) 

[rong do: 

B - canh cua hinh hop vudng: 

H - chi4u cao cua h6p. 

Khi tfnh dfti ban kinh lugn a ddy va a g6c, dudng kinh cua phdi co the xAc dinh mdt 
cAch chmh xdc hem (ne'u coi r y - = r): 

D () = l.l -VB‘ +4B.(H-0.43r)- l,72.r.(H + 0,33 r) (4-42) 

trong do: 

B - canh cua hdp vudng: 

H - chi£u cao cua hop k.6 ca lugng du cit mep; 
r - ban kfnh lugn d goc va day hdp. 

Phdi de dAp vudt ede chi lift hinh hdp chu nhAt cao co ban kfnh goc lugn tuemg doi 
Ion (r^/B > 0,2) c6 dang Kinh clip. Khi dAp vudt vdi hinh dang phdi clip, mure eld bien dang o 
nhfmg phan khde nhau cua chi tift tuemg ddi d6ng deu, tuy nhien vice sir dung phdi clip 
khdng phai IA un vjet nhA't. DS dAp vudt cac chi tier hinh hop tuong ddi cao. ngudi la thudng 
sir dung phdi dvan, dudng bao cua no dugc tao bdi 2 nua dudng trdn va 2 tiep tuyfti vdi 
chung. Ktch thude cua phdi dvan dirge xac dinh neu ta coi hinh hdp chu nhat dugc tao b6i 2 
nua hinh hop vudng c6 kich thude B/2 6 2 dAu va phan chtiy£n tiep cd kich thude (A - B) 
d gift., (hinh 4.43a). 

U 


a) b) c) 
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Hinh 4.43. Phdi 66 dAp vudt chi tift hinh hdp: 

a- hinh hdp chu nhat; b- hinh hdp vudng; c- quan he gifra 
chi$u cao cua chi tift hinh hop va dudng kfnh cua phdi. 




Nhir vay kich thudc cua phdi duac xac dinh b6i 2 nira dudng iron cd dudng kinh D () 
(theo cdng thurc 4-41 hoac 4-42) chinh la dudng kfnh phdi dl dap vudt hinh hop vudng cd 
canh B va chilu cao H gidng nhir cua hinh hdp chu nhat co canh AxB va chieu cao H. Tam 
cua 2 nira dudng iron chinh la tarn cua 2 nira hinh hop vudng quy udc. Chilu rdng cua phoi 
se la: B () = 2R {) va chilli dai A<> = 2R„ + A - B (hinh 4.43a). 


Chilu cao cua chi tiet dap vudt cang ldn thl su khong dong deu cang ldn do dilu kien 
bien dang khong gidng nhau d nhung phln khac nhau cua dudng bao va do tinh di hirdng 
cua kim loai phdi. VI vay, trong qua trlnh cdng nghe chi rao cac chi tiet hinh hdp cln phai 
du tmh kha nang phai cat bo phln mep khong deu cua chilu cao. Luang du de cat mep AH 
tuy thudc vao chilu cao tuong ddi cua chi tilt H/B. Nlu H/B cang ldn ihi lucmg dir AH cang 
ldn. Tren co sd thuc nghiem, 1 trong dir dl cat mep thudng lay khoang 5 -s- 15% chilu cao cua 
chi tiet hoac co the tinh theo cdng thuc kinh nghi|m: AH = 0,8 \fu . 

Cac sd lieu dira ra d tren chi de xac dinh mot each gSn dung ki'ch thudc cua phdi, khi 
nghien cifti qua trlnh cdng nghe dap vudt can phai xac dinh chinh xac han. 

Chi co thl nhan duac cac chi tiet hinh hop co chilu cao ddng deu bang each dap vudt 
tu phdi dinh hinh, dudng bao cua no duac xay dung cd tmh din tinh di hirdng cua kim loai 
tam. Phuang phap xay dung dirdng bao cua phdi de dap vudt chi tiet hinh hop vudng duac 
nghien ctfu tren ca sd ly thuyet chay deo cua kim loai. Viec giai bai toan nay bang phuang 
phap thir trong dicu kien phurc tap han so vdi bai loan xac dinh dudng bao cua phdi dinh 
hinh dl dap vudt chi tiet hinh tru. Chung ta chi khiio sat phuang phap xay dung hinh dang 
cua phdi de d&p vudt chi tilt hinh hop vudng theo cac sd li|u thuc nghiem. 

Dua vao ket qua do chilu cao cua hinh hdp vudng tai cac phin lhanh thang va phan 
goc luen cua dudng bao chi tilt, khi dap vudt tu phdi phing hinh iron vdi cac dudng kfnh 
khac nhau (khi phdi duac djnh hudng xac dinh doi vdi edi), sau do xay dimg do thi quail he 
giua chieu cao cua chi tiet va dudng kinh cua phdi d cac goc va a cac canh hdp (hinh 4.43c 
dudng cong 1 va 2 tuong ling). Neu chiing ta sir dung nhung sd lieu nay de xac dinh kich 
thudc cue dai (D 0 ) va kich thirdc nho nhat D y thi kich thudc cua phdi dinh hinh da duac chi 
ra nhu trdn hinh 4.43b. Dudng bao cua phan goc phdi I - I chinh la dudng cdsinxoit, ph£n 
con iai (I - II) la mdt cung tron co ban kfnh bang ban kinh phdi ban dlu. 


Khi dap vudt cac chi tiet hinh hdp chu nhat, chieu cao cua cac phln “tai” se nho nhat 
(mire dd ddng dlu chieu cao cua hdp) neu nhu phdi co dang elip hole 6 van duac dat hudng 
R* doc theo true ldn cua 16 coi. 

max 


4,7.3. Lire dap vudt 

Khi dap vudt cac chi tiet hinh hop, qua trlnh bien dang khdng co tmh chit ddi xung 
true, vi vay urng suit keo hudng kfnh phan bd doc theo dudng bao cua cua chi tilt la khdng 
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d6ng deu. Ngoai ra, thuc nghiem da chi ra rang: trong toan bo phdn vanh cua chi tiet dap 
vu6't (ke ca hinh hop chu nhat) deu co khdng chi umg suat keo ma con ca urng suat nen (doc 
theo chu vi). Nhung ung sua't nay se giam dan khi cang xa phan goc cua dirong bao. Xac 
dinh mure do anh hirang cua hien tuong nay den lire dap vu6l chi ti£'t hinh hpp bang phuerng 
phap ly thuyet la khdng the thuc hi£n duoc. Vi vay chi co th£ giai bai toan nay mot each gan 
dung do phai su dung hang loat cac gia thiet dan gian hoa. 

Khi d^p vuot cac chi ti£t hinh hpp vuong co ban kinh luon a goc tuang d6i lan, trang 
thai ung suat cua 6 bien dang a ph£n goc hop tuong tu nhu trang thai umg suat khi dap vudt 
chi tiet hinh tru. Xu£t phat tu gia thiet nay: gia tri trung binh cua urng suat keo gan dung 
bing irng suat sinh ra khi d&p vuot chi tiet hinh tru co dufrng kinh tuong dirong. Duo^ng kfnh 
cua chi ti& hinh tru tuong ducing dupe xac dinh til dieu kifen can bang giua cac chu vi cua 
hinh hop vuong vdi chu vi cua chi ti£t hinh tru: 

timing — ~ — 0,43.r^ ) 

trong do: 

B - canh cua hinh hop vuong; 

- ban kinh lupn b goc hop. 

Tren co so do, luc dS dap vuot chi tiet hinh hop vuong dupe xac dinh bang tfch so gifia 
dien tfch tiet dien ngang cua chi tiet hinh tru quy ude co dufrng kinh d lU((ng vdi ting suat 
keo ldn nhat a pmax : 

f*h/h vuong = 71 '^tirvng timing*^* ^pmax ~~ 4.(B-0,43.rg).S, ^pjyuix (4-43) 

trong do: a pmilx la ung su£t keo ldn nh£t dupe xac djnh theo c6ng thuc (4-40a) vdi 

r g — Jmmg 

Khi dap vuot chi tiet hinh hop chur nhat cao, su phan b 6 khong dong deu cua ung suat 
doc theo chu vi cua chi tiet ldn hon so vdi khi dftp vuot chi tiet hinh hpp thap. Neu ty so giua 
cac canh cua hinh hop chu nhat ldn (A/B > 2) thi khi keo phdi vao trong coi se xuat hien 
nhung ung suat phu do tac dong cua luc ma sat va luc uon trong cac phan thanh thAng cua 
dudng bao chi tiet. Tac gia O.V. Popop da d6 xu&t phuong phap xac dinh luc d£ dap vudt chi 
tiet hinh hpp chu nhat co tinh den luc ma sat b&ng tdng cua luc dap vudt chi tide hinh hdp 
vuong quy ude (co canh bang canh ngAn cua chi tiet hinh hop chu nhat) va luc c&n thiet d£ 
udn va thAng luc ma sat tiep xiic khi bien dang phan trung tarn cua chi tiet (co dp dai bang 
hieu so cac kfch thude A va B), xem hinh (4 - 43a). 

Cong thirc de xac dinh luc dap vuot chi lift hinh hop chu nhat cao co tinh den cac gia 
thiet va cac di£u kien c£n thiet da neu tren co dang sau: 

PchBnhflt = 4.(B - 0,43.r g ).S, a pmax + 2(A - B).(o ma s ^ + a uf i n ).(l + 1,6*0 (4-44) 
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trong do: 

a pma* - trng suat keo cue dai 6 goc chi tiet; 

A, B - cac canh cua hinh hop chu nh&t; 

S - chieu day vat lieu phOi; 

a ma Siit - tro lire ma sat riOng do lire chan phoi; 

a u6n " tri ltrc udn riOng tai phin gitfa cua chi ti^t hinh hop (phin thanh thing) khi 
keo phoi vao trong coi a urtn * a s . 

V. P. Romanopski cung da dua ra cong there tinh toan de xac dinh lire dap vudt chi tidt 
hinh h6p nhu sau: 

^hinh h(>p — L S.a b .a 

trong do: 

L - chu vi cua hinh hop; 

S - chi^u day vat li£u; 

o b - gidi han ben cua vat liSu ph6i; 

a = 0,3 + 1,1 la he s 6 phu thuoc vao hinh dang va kfch thude cua chi tidt, chi6u day 
tuong ddi ciia phoi, vat lieu phoi va muc do bien dang (neu milrc do bifin dang 
cang ldn thi tri sd a cang 16‘n). 

Khi dap vudt chi tiei hinh hop, ting suit nen theo huong tiep tuyen phan b 6 khdng d6u 
doc theo duerng bao cua vanh, do do lire chin dd chdng nhin cung cin phai khOng deu. 

Theo so lieu cua A. A. Bebric, lire chan phu thuOc vao tro luc bien dang ttic thori ciia 
vat lieu phoi: a b ; chi£u day tuong ddi cua phoi: S/(A + B + 4.r g ) va hinh dang ciia phan vanh 
(phan thing hoac cong). Khi tang tro luc bien dang a b lire chan tren toan bo phin vanh se 
tang len, trong khi do neu tang chieu day tuong doi ciia phoi thi luc chan 6 cac phan thanh 
thing cua vanh se tang len con o goc thi giam di. Nhu viy luc chan co the duoc xac dinh 
bing tdng ciia hai thanh phin: 

Q — + Fthang Qihang 

trong do: 

F g6c va F lh ^ nfi - lan luot la diOn tich cac phin goc va cac phin thanh thing ciia vanh 
phOi (6 thoi di£m bit dau dap vudt); 

q g(k va q t hsng “ lU’cn la ap luc chan rieng 6 phan goc va phan thanh thing. 
Thudng gia tri ciia q g6c va q lh * ng phy ihuOc vao cac ydu td da nOu trOn va 
thay d6i trong gidi han: 

q g 6c — (0,24 -r 2,32) MPa 
Qihing = (0,24 + 3,45) MPa 
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4.7.4, Mure do dap vuot, hinh dang va kich thirdc cua cac ban thanh pham 6 
cac nguyen cong trung gian 

Khi dap vuot cac chi tidt hinh hdp, cdn qua nhi$u nguyen cong, muc dd dap vudt a 
mdi nguyen cong dirge xac dinh bang ty sd giua ban kfnh lirgn a goc hop cua nguyen cong 
trude va nguyen edng sau hoac d nguyen cong d£u la ty sd giua ban kfnh phdi R 0 va ban 
kfnh lugn d goc cua nguyen cong do: 

K, = -^2- 

r ^U) 


K = 


r $ r 


g(n-l) 

g(n) 


Gia tri giefi han cua mire do dap vuot K uh phu thude vao tmh chat ca hoc cua vAt lieu 
phoi, vao chieu day itrong ddi cua phai, vao hinh dang va cac kich thude tuemg doi cua chi 
net dap vuot. 

- Doi vdi hgp kim nhdm: = 3,44 -t- 2,56. 

- Doi vdi thep 10: K gh = 3,57 2,08. 

Gia tri cua muc do dap vudt K tl d m6i nguyen c6ng can phai dam bao nhd han hoac 
bang K gh . Trong trudng hop khi dieu kidn do khong dugc thoa man thi can phai sir dung 
nguyen cong phu de lam giam ban kfnh lugn d goc theo kich thude yeu cau. 

Khi dap vudt cac chi liet hinh hap cao, mire do dap vudt tong edng co thi dugc coi la 
ty so giua dd dai dudng bao cua phdi L 0 va dd dai dudng bao cua chi tiet: 


K, 


Lq 


‘ r6n * L 

hoac bang can b&c hai cua ty sd dien tfch phdi va didn tfch day cua hinh hop: 


Kui„g = 7 F „ / p d. 


Jay 


S6 nguyen cong &£ dap vudt chi tiet hinh hop tuy thude vao tmh chat ca hoc cua vat 
lieu phdi; ban kfnh lugn d goc hop: r g ; chieu cao tuong doi: H/B; ty so cac kfch thude A/B, 
cung nhu phuang phap dap vudt (cd chan hoac khong co chan phdi). 

D£ xac dinh sd nguyen edng dap vudt cac chi tidt hinh hdp cao ngudi ta thudng sir 
dung nhung phuang phap khac nhau dua trdn nhung sd lidu thuc nghiem. 

Nhu chring ta da biet phdi de dap vudt chi tidt hinh hdp chu nhat cao co dang o van, 
Vi the ngay ca ban thanh phdm d nguyen cong d^u va nhung nguyen edng sau cung dugc 
dap vudt cd dang d van (hinh 4.44a). 

Kfch thude cua cac ban thanh pham dugc xac dinh bdi muc dd bidn dang cho phep d 
mdi nguyen edng (hoac gia tri cua mtic dd dap vudt gidi han) vdi dieu *ci£n can bang didn 
tfch be mat va didu kien can bang muc do bidn dang d mdi nguydn cong dap vudt. 
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Ilinh 4.44. Cac buoc dap vudt chi tiel hinh hdp cao: 
a- hinh h6p chu* nhat; b- hinh hdp vudng; 
c- cdi c6 gan vudt de dap vudt chi tiei hinh hdp. 


B<1n th5nh pham 6 nguyen c6ng trudc nguy&n cdng cudi cung co dang 6 van (ho5c 
hinh tu giac co canh I6i va ban kfnh g6c Ilian I6n). Hinh dang cua no duac ve xung quanh 
dircrng bao ciia chi titfi. 0 nguyen cdng nay co the dap vudt khdng c6 vanh chan cua khu6n. 
Kfch ihudc dtrdng bao cua ban lhanh pham duac xac djnh iir dieu kien dam bao si; 6n dinh 
ph£n lhanh cua hOp. c6n ddy cua n6 c&n co hinh dang va kfch ihudc nhu cua chi tiei hinh 
h6p chu nhai. Cdc chi tidt hinh hop vuOng cao co ly s 6 H/B > (0,6 + 0,8) thudng duac dap 
vudt tu phOi hinh Iron. Vi vfty tat ca cac ban lhanh pham ddu dirac dap vudt thanh hinh iru, 
kfch ihudc cua cac b£n ih^nh phdm cung duac xic dinh gidng nhu khi dap vudt chi tidt hinh 
tru. 6 nguyen cOng iruac nguyen cOng cuoi cung nguai la dap lhanh chi tidi hinh tru kei hap 
cd day hinh vuOng, duac ve a mar c.ii ngang cua hinh iru, cac canh cua n6 bang c<ic canh 
mat cat ngang cua chi tiei hinh hOp (hinh 4.44b). Do do khi dap vudt c£c chi liei hinh hQp 
vuOng cao. muc do dap vuo't 6 tai ca cac nguyen cOng (iru nguyen cOng cudi cung) duac Uy 
(hoac tinh loan) ihco phucmg phap da duac khao sdt a phan irudc doi vdi chi tiet hinh tru. O 
nguyen cOng cudi cung, khi chuydn tu phOi hinh iru co day vuOng thknh chi tiet hinh hop thi 
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mtic do dap vudt K n c6 the duoc xac dinh bang ty so gitfa chu vi cua tiet di£n ngang a 
nguyen cong trudc (hinh tron) vdi chu vi cua hlnh h6p: 


4.7.5, Gan vuot va trj so' khe hcf chay-coi 


Trong qua trinh dap vuot cac chi tidt hlnh hop thi trd lire keo phoi vao trong coi 6 
nhuttg vi tri khac nhau cua dufrng bao la khong giong nhau: a cac phan thanh thing trd luc 
keo phoi vao trong edi nho hon so vdi cac phan cong (goc h6p), them vao do 6 cac phan 
cong, trd lire keo ph6i vao trong edi se tang l£n neu ban kmh cong d g6c cua coi giam di. 
Chinh vi vay ma cac chi tier hinh h6p da duoc dap vuot (ke ca cac ban thanh pham) deu co 
ehi£u cao fchbng d6ng deu. Chidu cao d cac phiin goc hop thudng Idn hon d cac phin thanh 
thing. Ngoai ra, su khong d6ng ddu vi dieu ki£n keo ph6i doc theo duemg bao cua coi cung 
gay ra su khong dong deu vi trang thai ung suit a phin thanh thing cua chi tiet didu do co 
the dirt den su pha huy chi tiet (dirt hoac rach). 


De co the lao ra, mac du chi la tuong doi, sir d6ng deu ve dieu kien keo phoi vao 
trong edi tren toan bd dudng bao thi d cac phan thanh thing ngudi ta lam tang trd Luc keo 
ph6i mot each nhan tao bang cac gan vuot dac biet (hinh 4.44c). Nhung g&n vuot nay co tac 
dung can tro su dich chuyen cua phoi ddi voi coi. Hinh dang, kfch thude va phuang phap co 
dinh gan vuot dirge dua ra trong cac so tay c6ng nghe. S 6 lugng gin vuot duoc xac dinh 
bang thuc nghietn. Gan vuot chi sir dung khi thuc su cin thiet bdi vi vice ga dat chiing lam 
cho khuon phuc tap th£m va lam tang gia thanh cua khu6n. 


Vi vay trong qua trinh dap vuot chi tiet hinh hdp, d phan goc cua duong bao chi tidt 
xay ra su tang day cua phin vanh, hidn tuong nay cin phai duoc tinh den khi xac dinh trj s 6 
khe ho giua chay va coi cua khuon dap vuot. Nhu vay tri sd khe ho giua chay va coi d phan 
goc cua hinh hdp cin phai lam Ion hon so vdi phin thanh thing. Theo s 6 lieu kinh nghidm: 6 
cac phSn thanh thing khe ho giua chay va coi la Z = 1,2S; con 6 cac phan cong khe ho 
Z = (1,3 -5- 1,4)S. Huong lay khe ho Z 6 cac nguydn cong co th6 tuy y tru nguyen cong cuoi 
ciing. Khi dap vuot chi tiet can co kfch thude ngoai chinh xac thi khe ho Z duoc My bing 
each giam kfch thude cua chay, con kfch thude cua edi duoc lay bing kfch thude gidi han 
nho nhat cua chi tiet. Ngugc lai khi dap vuot chi tiet can co ki'ch thude trong chinh xac thi 
khe hd duoc lay bing each tang kfch thude cua edi, con kfch thude cua chay l£y bing kfch 
thude gidi han Idn nhat cua chi tiet. 

Mdt phuang phap dac bidt de dap vuot chi tiet hinh hop vuong cao la su phd'i hop 
dap vudt tir phdi phing thanh ban thanh pham hinh con co day vudng va qua trinh dap vu6t 
tir ban thanh ph&m do thanh hinh hop vudng cao trong edi lien hop co prdphin phuc tap 
(hinh 4.45). Vdi phuang phap dap vudt nhu vay, co the chia qua trinh d$p vudt thanh cac 
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giai doan ridng lien tidp nhau va nhu th£ sir phan b 6 urng sutft tiep tuydn oq doc theo chu vi 
cua chi lift se d6ng dfiu hon so vdi khi dap vu6i trong c6'i thdng thudng. 

Khi dap vutft chi lift hinh hpp vu6ng cao irong c6i Iidn hop ihi giai doan sau cua qua 
trinh dap vutft can phai bft dau ngay sau khi c6 su giam luc 6 giai doan trudc. 



Hinh 4.45 . S a d6 khuOn co c6i lidn hop dd dap vud't chi lift hinh hpp vu6ng cao. 

4.8. DAC DlfciU CUA QUA TRINH DAP VUOT CAC CHI Tl£lT VO OT() 

Cac chi lift vo 616 bao g6m: nap capO, khung kinh chan gio, canh cua xe, tarn n6c va 
nhidu chi lift tuong tir khic. Hinh dang dpc dao cua nhirng chi lift nay vdi nhfmg ydu ciu ky 
ihuft ridng hiet ndn khi xay dung qua trinh cdng nghft dap nguai la da xd'p die chi lift nay 
vft> mpt nhom ridng. 

Khi chd lao cac chi lift vo 6l6 ngudi la thudng phai sir dung nhidu nguyen edng khac 
nhu: eft inch, eft hinh, dpt 15, uon lao hinh v.v... Tuy nhien nguydn c6ng chu yfti quyft 
djnh kha nang che lao chung la nguyen edng dap vu6i. Chi ueu co ban dd danh gia tinh c6ng 
nghc cua cac chi lift vo la chiiu sau tuong d6i (chidu sau cua hPc dap vu6t 6 kich thude mat 
eft ngang ycu ciu). 

Mpt trong nhung dac diem co ban khi dap vuPt cac chi tift vo 616 la chung dupe chd 
tao chi sau mpt nguydn edng dap vucM ma khdng dupe dap vuPt nhidu nguyen cOng. So efi 
nhu vay la do cac chi tift nay co yeu ciu cao vd chat lupng be mat, dac bift la cac xe du 
lich Khi dap vuot nhifti nguyen edng se xuft hien c£c vft xude va vet han trdn bd mat cua 
cac ta'm do ede nguyen edng trudc dd lai, l&m giam chat luong bd mat cua chi tift. Dap vudi 
cac chi tift vo dtd thudng duoc thuc hidn trdn cac may ep thuy luc song dong c6 dSu trupt 
ngoai dam bao du luc dd chan ph6i hoac c6 hd thing xi lanh chan dudi ban may. May dp 
thuy luc song dong dung di dap vud't con c6 thufti lpi la c6 thd kep cd'i 6 dd dudi, do do 
thuiin lpi cho vide dat phOi va dinh vi phdi trdn khudn, ngoai ra c6n co thd didu chinh cue bp 
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lire chan phOi a cac vung khac nhau cua vanh phoi.Khi dap vudt cAc chi titft vo, dieu kien 
kdd ph6i vao trong edi khdng gidng nhau 6 c«Sc ph«in khAc nhau cua dir6ng bao. Do do. dieu 
kien keo phoi vAo trong edi cd the' thay ddi do luc chan phoi, dupe (hue hiCn hoi cAc gAn 
vudt vA cAc thanh chan ph6i gidng nhu khi dAp vudt chi tiei hlnh hop. Nhung gAn vudt va 
thanh ch&n co t;ic dung tao ra nhung trd lire phu ngAn can sir dich chuydn cua phOi diroi ta'm 
chan va co the la phAng nhung song nhAn hinh thanh khi dAp vudt. Khi thiet ke khuOn dd dap 
vudt, vj tri dat g&n va s 6 lupng gan dupe xac dinh scr bo va cudi cung se dupe di&u chinh 
chinh xac trong quA trinh dap thir. 

Lupng dir cOng nghe (hay con goi la phdn bu edng nghe) c6 anh btrong den chAt lirong 
b£ mAt cua chi tidt dAp vu6t. Luang du edng ngh£ co tdc dung gift ph6i dtrdti ta'm chan trong 
quA trinh dap vudt. Chidu rOng vA cac kfch thude khAc cua no tuy thude vao hlnh dang cua 
chi tidt, chidu day cua phdi, k£t cAu cua cac gAn vuot va thanh chAn v.v... Lupng du cong 
nghe cang rong thi su tao thanh song nhAn cua chi tiet khi dap vuot cAng nho, nhung khi d6 
phdlieu kim loai se tang lCn lam tang gia thanh san phAm. 



Hinh 4.46 Khuon dd dAp vudt c6 kdo chi net vo dtd (a) 
va sir phAn bo vet cat trich cong nghe khi dap vudt (b, c). 

Dd co thd giam dupe lupng du c6ng ngh£ khi chd tao cac chi tidt khdng sAu c6 dd 
cong 16n ngudi ta thuemg sir dung phircng phap dAp vudt c6 keo. Dae didm cua phirong phAp 
nAy la phOi tain dupe kep cung trong khuon chi d hai phi a ddi di£n nhau. Khi do qua trinh 
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tao hinh xay ra la do su keo phdi vao trong cdi va do su keo gian deo theo hai hudng khi ep 
phdi theo chay. Thuc td khi sir dung phuong phap nay da tidt kiCm dugc 10 - 5 - 15% kirn loai 
do giam dirge chieu rang cua lugng du cong nghe va giam dirge ki'ch thirdc cua phoi do sir 
keo gian lam giam chidu day phdi. 

Ngoai su tiet kiem kim loai, dap vudt co keo con cho phep sir dung may ep thuy lire 
tac dung dan va loai bo dugc cac phdn 16i tr£n doan cong cua chi tiet do giam dugc bidn 
dang dan h6i. So do khuon dd dap vuot co keo dugc chi ra tren hinh (4 - 46a). 

Nhidu chi tiet vo otd nhu: tam ngoai canh cua, phan sau cua mai otd tai, tarn trong cua 
canh cira sau v.v... la nhung chi tiCt co cac 16 cua hoac hoc sau dugc dap ra ma phan day cua 
no dugc tao ra do sir bidn mong cue bd phdi. Khi do tai 6 bien dang se xu£t hien ting suat 
keo co the gay ra hien tugng nut hoac rach. De tao didu kidn thuan lgi cho vi&c keo phoi tti 
phan day vao phan thanh cua hoc ngudi ta thudng du tinh trude dd cdt inch cac 16 cong nghe 
6 gan nhung chd co ting su&t keo Idn nhat cua chi tiet (vi du nhu 6 phan goc cua hoc cua, 
hinh 4.46b). 

Vice cdt trfch cac 16 cong nghe co the la dudng bao khdng khep km, khi do phdn phe 
lieu se khong bj tach rdi ra khoi ph6i. Hinh dang va kich thude cua cac 16 cong nghe se dugc 
dieu chinh chinh xac khi d£p thir va hi£u chinh khuon. 

Hang loat cac chi tiCt vo chi co ba thanh ben, mdt s 6 chi cd hai thanh ben (b6n phai va 
ben trai), chiing han nhu cac t£m dp trang tri, cac thanh nep cua xe... Nhung chi tiet loai nay 
thudng dugc chd tao bang thep co ciing chieu day va cung mot mac thep vdi ki'ch thude mat 
cdt ngang gan nhu bang nhau, phuong phap hop ly han ca la dap sau mot nguyen cong, 
Phuong phap dap nay se tiet kiem dugc kim loai do giam dugc lugng du cong nghe va nang 
cao dugc nang suat lao dong. 

Mdt trong nhting vdn de co ban khi nghien ctiu quy trinh cong nghe dap cac chi tiet vo 
6t6 la chon su dinh hudng khong gian cua chi tiet d trong khudn, ttic la chon phuong phap 
dap sao cho hop ly. Khi chon phuong dap cin chii y: kha n&ng chay dap vudt co thd di sau 
vao trong long cua chi tiet va kha nang thao gd chi tidt ra khoi chay, chidu sau can thiet cua 
chi tiet dugc tao ra sau mot nguyen edng dap vudt, dam bao didu kien thuan lgi cho vi£c 
chan phdi, di£n tich tiep xuc giua phoi va chay 6 thdi didm bat ddu dap vudt la cue dai v.v... 

Nhting nghien ctiu ly thuyet ve qua trinh edng nghd dap cac chi tiet Idn hinh dang 
phut tap cho den nay v5n chua that hoan chinh, vi v&y nhting kinh nghi£m thuc td trong cac 
nha may san xua't 6t6 co y nghia Idn trong qua trinh thidt kd. 


4.9. DAP VUOT CHI TlfiT HINH TRU CO BI^N M6NG THANH 


4.9.1. Trang thai umg suat bien dang 

Dap vudt cd bidn mong thanh dugc su dung de che tao cac chi tiet rdng co thanh mong 
vdi chidu sau Idn hoac cac chi tide co chidu day day Idn han chieu day thanh. Dap vudt cd 
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bid'n mong dirge thuc hien bang each chutft m<M phdi hinh tru (da dirge dap vu6t bang 
phuang phap khac nao 66) qua m6i c6\ vdi khe her Z giua chay va c6i nhb hon chieu day 
thanh cua phOi: 

Z = (D crti - D chiy )/2 < S 

Phuang phap dap vu6t co biSn mong c6 th6 nhin dugc chi ti£l c6 mien dung sai lir 
H9-?- hi2. Dung sai \ r 6 chieu day thanh lir (15 + 25)% so voi chi&u day danh nghia cua thanh, 
con dung sai v6 chieu cao co ih£ nho han 15% chieu cao cua chi ti£t. 

Trong qua trinh dap vu6i co bien mong co sir giam chieu day ban d&u cua lhanh ph6i 
vdi su giam m6l chut v6 dudng kfnh. Sau m6l nguySn c6ng c6 th£ nhftn dirge chi net co 
chi£u cao Ion han nhi6u so vdi khi dip vuO'l khOng bi£n mong. 



Hinh 4.47. So d6 dip vuoi co bi£n mong lhanh: 
a- 6 bi£'n dang deo vi trang thai ung suit cua no, b- so d6 tac dung cua ngoai lire. 

Kill dip vu6t co bi^n mong, 6 bitfn dang deo la tai viing giam chieu day ph6i, 6 bifn 
dang tuemg doi nho so voi cac kfch thuoc khilc cua chi liet va bi han che befi phSn bien dang 
din h6i a ca hai phi a (hinh 4.47a). Dip vuot co bi£n mong xay ra irong di£u ki£n ciia Irang 
lhai bi£n dang khtfi. Tuy nhien n£u chu y ring: su giam tuemg d6'i cua duong kfnh la nho so 
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vdi su bidn dang theo hudng true (tang chidu dai) va theo hudng kinh (giam chidu day thanh) 
thi vdi mufc do sai so khdng Ion co the coi dap vudt co bidn mong xay ra trong didu ki£n 
trang thai bifn dang phang ddi xurng true, 

Khi bidn dang, phSn to dirac tach ra tai 6 bidn dang se xuat hidn dug suat keo 0 p ; ung 
suat nen a n ; ting suat nen tiep tuydn ae va cac ting suat tidp x (hinh 4.47a). VI vay khi dap 
vuot co bien mong, trang thai ting suit la khdi. 

Trong qua trinh dap vuot phdi se truot tuang ddi doi vdi chay (theo hudng len tren), 
do do se phat sinh lire ma sat tidp xuc theo hudng chuyen ddng ciia chay. D6ng thdi phoi 
cung truot tuang doi ddi vdi coi theo hudng chuyen d6ng cua chay, khi do se xuat hidn lire 
ma sat tiep xuc tac dung theo hudng ngugc vdi hudng chuyen ddng cua chay. 

Luc ma sat tren bd mat tidp xuc gitfa phoi va chay se giam tai cho tiet di&n nguy hiem, 
giam ting sudt keo a p . Luc ma sat tren bd mat tidp xuc cua phoi vdi edi co kha nang lam 
tang urng suat keo o p . 

Dac diem cua trang thai ting sudt khi dap vudt co bidn mong la cac ung suat tidp x tren 
bd mat tidp xuc giua phdi vdi edi va chay co hudng ngugc nhau, con ting suat nen a tl cd tri 
sd tuyet ddi ldn han nhidu so vdi cac ung suat x, o p va o$. Dac diem cua trang thai ting sudt 
tai 6 bidn dang deo ma chung ta vira khao sat la nguyen nhan chu ydu tao ntn mure dd bien 
dang cho phep khi dap vuot cd bidn mong ldn han so vdi khi dap vudt khong cd bidn mong 
thanh. 


Ngudi ta co the xac djnh dugc ung suat sinh ra trong phan thanh bi chudt cua phoi d 
mot chu ky bien dang dn dinh bang each sir dung mdt trong nhung phuang phap giai bai 
toan deo nhu: phuang phap edng, phuang phap dudng trugt, phuang phap dinh tri tren, 
phuang phap phSn tir huu han (FEM) v.v... 

Bang phuang phap can bang edng chung ta co thd nh$n dirge edng thuc di xac dinh 
ung suat keo ldn nhdt theo hudng true khi dap vudt co bien mong thanh: 


- a< 




R (p 
.In—+ T- 


(4-45) 


trong do: 

(p - goc nghieng dudng sinh cua edi; 

Pj - he sd ma sat tidp xuc tr€n be mat coi; 
yi 2 - he sd ma sat tiep xuc tr£n bd mat chay; 

R, r - cac ban kmh cong gidi han cua 6 bidn dang deo (hinh 4.48). 

Phan tich edng thtic (4-45) chung ta co thd thay rang: khi tang he sd ma sat tr£n be 
mat chay se lam giam ting sudt keo a z . Tuy nhidn h£ sd ma $£t p 2 khdng thd tang v6 han, 
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bdi v'i khi hfe s 6 ma s£t p 2 t&ng se lam tang nhifet dd sinh ra trfen bfe mat tie’p xuc. Di£u do se 
gay ra hifen tucmg dinh kirn loai va do d6 se xuA't hifen c4c vet xucfc tren sari phAm. 

Tinh tO$n theo cdng thurc (4-45) se cho sai s6 nho nha't so vdi cAc s<5 lifeu thirc nghi&m. 
khi muc d6 bi£n dang v|/ > 0,4 trong toan bd goc nghieng cua c6i <p. Khi muc d6 bifen dang 
nho (ty < 0,3) v& goc nghifeng cua coi Idn (tp > 18 - 5 - 20°) thl slt sai lech cua c&ng time (4-45) 
la kha 1cm. 


N£u di£u kifen ma sat trfen bfe mat ctfi va chav la nhu nhau thi p, = p 2 = P- Khi do ty srt 
ban klnh dirge thay bang ty so chifeu day (R/r = S ( /S,) va c6ng thuc (4-45) c6 dang: 

°z =CT S' 1 + W<p)l n lp" + ? I (4-45a) 

oi Z 


Nghifen ciim c&c e6ng thurc da cho chung ta cd thfe tim duac gi£ tri t6i uu cua goc cp dfe 
cho t'mg sua't keo a p c6 gia tri nho nhSt: 

<P,m uu = — .^2n.ln(S () /S,) ( n ) (4-45b) 

Jl 

Khi ty s6 S^/Si = 2 va p = 0,05 ta c6 <p, 6i uu = I5 n . 

Khi lie s6 ma sat tang Ifen va muc do bien dang ting tht tri s 6 g6c nghieng toi uu cua 
edi cflng tang len. 




Hinh 4.48 . Mang dufrng truot khi t k = 0 
va hoaxfgrjyhgm d6 vAn t6c khi dap vu6t c6 bifen mong. 
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4.9.2. Kich thi/dc va hinh dang phoi 

Khi dap vuot co bien mong, chi4u day cua phoi thudng lay bang chieu day day cua 
ban thanh pham (S 0 = (n) ), Dubng kmh cua phoi Do duac xac dinh tir dieu kien can bang 

the rich giura phoi va chi ti£t co tinh den ph^n thi rich kim loai de cat mep: 

0,785.D t) 2 .S 0 = ^.V chiti( , 

=>D 0 =l,13.ViV chitiet /S 0 (4-46) 

trong do: 

4 - he s 6 rinh den luang dir de cat mep; 

V c hi r iev the tich chi tiet. 

Gia tri cua h£ s6 £, phu thupc vao chi^u cao tirang doi cua chi tiet: h/d n va thay d<5i tu 
L08 -s-1,15. Khi tri so h/d cang Idn thl tri s6 ^ cang lcm. 

Trong trucmg hap khi ihi tfch cua chi tiet chua xac dinh duac thl dubng ki'nh cua phoi 
co the xac dinh mat each gan dung theo cac Rich Chirac cua chi tiet: 

D 0 = jd 2 + 4(d " s ~ S ^ (h + Ah^ s „).S n (4-47) 

Trong cong thirc tr&n khdng rinh ddn phan ban kmh goc luan a day cua san ph£m, vi 
v4y luang du di cat mep Ah nen lay gia tri nho nha't. 


4.9.3. Lire bien dang 


Khi dap vuot co bien mong thanh luc bidn dang g6m 2 thanh phSn: luc gay ra cac ting 
su£t a z lam bidn dang phan thanh cua chi tiet va dat vao day cua chi tidt, tdng hop luc cac 
luc ma sat tidp xtic tren be mat cua chay, hudng theo cnieu nguac vdi chi£u chuyen dong 
cua chay (hinh 4.47.b). Nhu v£y luc tdng c6ng di dap vuot se la: 

R 

P n =3l.d.S n .CT z +7 t .d.(^.O s .{ 


, , R 
1 — In — 

P 


dp 


Neu coi ring: r = 


, sau khi tich phan chting ta nhan duac: 


snnp 
P n = n.d.S n .a s . 


p, R tp 
+ — In— + + 


i„ r 


cp r 2 sin cp r 


Neu coi p/sin tp w p/tpva thay ty s6 ban kinh R/r bang ty s6 chi£u day thanh S n _!/S n 
vai dieu kien he s6 ma sat 6 mat trong va mat ngoai cua ph6i tai 6 bien dang la giong nhau, 
chiing ta se co: 


P„ =7i.d.S n .o s . 


2p . S 


1 + ^- i-In 


n-1 


♦! 


(4-48) 
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Neil sir dung dudng cong hoa ben tfch cue (theo FydKHH) thi vai muc do bien dang 

S — s 

trung binh tai 6 bien dang: V|/ t _ Mnh = 0,5.-- 1 —--; ung sudt chay o s trong c6ng there (4-48) 


se la: 


<*s = <T b /(l - - S n )/2.S n _ t 


~'Yk co) 


P. Khilo va sau do la L. A. Sophman da chirng minh rang: neu su dung mang dudng 
truat (ABCD) duac x&y dimg cho trudng hap d&p vudt co bidn mong thanh (hlnh 4.48) thi co 
the xac dinh duac luc bidn dang bang rich s6 cua ap luc rieng vdi dien tfch ti6t dien ngang 
cua ph&n bi bien dang (ph3n bi chuot) cua chi tiet: 

4a. 


P„ = 


s 


(1 + H-ctgcp) y- * 2 sirup* ' 7r '^ n + S "U 


4.9.4. Tlnh toan cong nghe 


Goc nghieng toi uu cua c6i: <p l0i Ull la goc nghieng cua edi dd luc bien dang la nho 
nhdt. Goc nghieng nay co the xac dinh bang phuong phap dinh tri tren, su dung ddi vai 
trudng dong hoc kh6ng lien tuc cho phep va hoa do v&n toe. Ket qua da cho goc toi iru: 
uu = 15 -r 25 . 


Nhufng nghien curu thuc nghiem khi dap vudt c6 bidn mong da chirng minh rang: goc 
nghieng ciia edi co anh hudng lcm nhat ddn luc bien dang chi trong trudng hop mdc do bidn 
dang nho (< 30%). Vf du khi muc 66 bien dang 20%, viec tang goc nghieng cua coi tir 6 den 
30° se gay ra su tang luc dap vuot ldn 2 lan ddi vdi chi tidt bang thep va tang 2,4 I5n khi dap 
vudt chi tiet bang ddng thau. Vdi mdc 66 bien dang ldn hon, luc dap vuot thuc te h£u nhu 
khong phu thuoc vao goc nghieng cua coi. Cung c&n phai xac dinh rang khi tang chieu day 
tuong ddi ciia phan thanh chi tiet thi luc dap vudt giam di. 


Mire dd bien dang khi dap vudt co bifti mong duac dac trung bang su giam tuong ddi 
ciia dien tich tiet dien ngang ciia chi tiet dap vudt: 






(4-49) 


trong do: 

F n .j va F n - dien tfch tidt dien ngang truck va sau khi dap vudt (ciia phdi va chi tiet); 
d n _, va d n - dudng kfnh ngoai danh nghTa ciia phoi va chi tidt; 
d lnmg - dudng kfnh trong danh nghia cua chi tidt dap vudt. 

Neu biet gia tri cua vy, d n .j va d rrong chung ta co th£ xac dinh duoc dudng kfnh cua 

chi tidt: 

d n = )/ d n-l-^( d n-l- d ?ronJ (4-49a) 
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Sir thay d6i dudng kfnh cua chi tiet khi dap vu6t c6 bi£n mong la rat nho so vdi su 
thay doi vi chieu day thanh, vi vky co the coi d n-1 2 = d n . Khi do mure do bifcn dang co th£ 
ducc tmh nhu sau: 



Ty s6 S n _ j/S n dugc goi la he s 6 bien mong vk ky hi£u lk K bnr 

Nhir vay se co mure d6 bien dang gidi han i|/g h va he s 6 bi£n mong gidi ban K bm gh ^ n . 
Vdi mure do bien dang gidi han va K bm gh . in ihi ting suat sinh ra a tiet dien nguy hiem gkn idi 
tri so pha huy. Mure do bien dang tdi han \|/ gb co thi xac dinh bang ly thuyet tir di£u kien 
o z < <j b : 

M'gh = 1 -1/ exp[V3 (l + n)/2C a (4-50) 

trong do: 

C a = 1 + (l - V gh )(l + (i-ctg(p)ja. 

Cdng thtic (4-50) la mOt phuemg trinh co m6t an so va dirge giai bang phueng 
phap tich phan. 

So sanh ket qua tmh toan theo cong thtic (4-50) vdi cac so lifcu thirc nghiem khi dkp 
vuot cac chi tiet bang dong thau va bang thep ngirdi ta thay gia tri tmh toan cua ldn hem 
10 -i-15% so vdi thuc 1 6 . Su sai l£ch nay la do su pha huy phan thanh chi tiet xay ra do sir tao 
thanh cac v£'t nurt ma nhting vet nut nay trung vdi gidi han cua vung deo la nhung dudng dirt 
quang cua tdc do chay. Nhung bi£'n dang trugt cue bo tang len dang k& cung vdi su tang gdc 
nghiSng cua edi khi co ting suat keo lam cho kim loai ra't ,ihay cam vdi nhung c£u true bi 
khuyet tat dan den bi pha huy trong di^u kien da cho. 

De xac dinh mure do bi£n dang gidi han cho phep khi dkp vuot co bi£n mong co the su 
dung cong thtic (4-50) vdi vice dua vao h£ so bang (0,85 -s- 0,9). Khi do muc do bien dang 
gidi han cho phep mot each gan dung bang: 

[Vgh] “ [0,85 + 0,9],v Bh 

Muc d6 bi6n dang cho phep khi dap vudt co bien mong phu thude vao vkt lieu phoi, so 
iugng coi dat lien tiep nhau va gdc nghieng <p cua c6i. Khi goc nghieng g < 18° thi muc dd 
bien dang cho phep se la: 

- D6i vdi thep mem: 

(C < 0,12%) 
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[H/ gh ] - 0,45 -t- 0,55 (khi qua 1 coi) 
[Vghl = + 0,7 (khi qua 2 coi) 

[v|/ h ] = 0,75 -5- 0,8 (khi qua 3 coi) 


D6i v6i d6ng thau, tuong ung 
(Zn = 25 + 32%) 


[i^ h ] = 0,55-0,6 
f^ghl = 0,6 - 0,7 
[Vghl = 0,75 - 0,85 
khi qua 1,2 va 3 cO'i. 

O nguy£n cong dap vuot ddu tien (tir ph6i phang) trong da so cac trucrng hap ngircfi ta 
thucrng dap vu6t khong bien mong thanh chi ti£t hinh tru. Dudng kmh trung binh cua hinh 
tru nay dugc xac dinh nhu khi dap vu6t khong bifin mong: 

^th(0 

trong do: 

D () - duang kmh phoi phang; 

K 1 - mtic d6 dap vu6't a nguyen cOng ddu. 

Khi dap vuot nguyfcn c6ng dau di tao phoi cin phai lam sao cho dudng kinh trong cua 
hinh tru ph6i bang vai dudng kinh trong cua chi tiet. Khi do se thuan lgi cho qua trinh dap 
vuot a nguyen cong sau va sai so la nho nhat. Khe ho giua chay va phoi thirdng lay bang 
0,005 duang kinh cua chay. 

6 cac nguyen cong sau tien hanh dap vuot co bi£n mong vdi su giam khdng dang kd 
dudng kinh ngoai cua ph6i. Tuy theo vat lieu phoi va trang thai ciia no (co u hoac khong co 
u) co the chon mire do bien dang cho phep theo cac so lieu thdng thudng hoac he s6 bi£n 
mong K bm a cac nguy6n cong. Sau do xac dinh dudng ki'nh va chieu day thanh cua ban 
thanh pham 6 cac nguyen cong dap vuot. S6 nguyen cong tdng cong di dap vuot co bien 
mong duqc xac dinh theo cOng thuc: 

N = (lnF„ -lnF 0 )/lii(l-vj/ lb ) (4-51) 

trong do: 

F (J va F n - dien tich mat cat ngang cua ph6i va chi tiet; 

\y lb - muc do bi£'n dang cho phep trung binh. 

Chieu cao trung binh cua ban thanh pham dugc xac dinh tir di£u kien can bang the tich 
cua phdi phang co duang kinh D u va chi£u day S () vdi the tich ciia ban thanh pham: 

+ F-S {) (4-52) 

trong do: d n va S n lan luot la dudng kinh ngoai va chi£u day thanh ciia ban thanh pham. 

Trong cdng thurc (4-52) chua tfnh dS'n phan kim loai chuyen ti£p giua day va thanh, vi 
vay chi£u cao tfnh toan theo cong thtrc tren se tang l£n mot chut so voi thuc i€. 

Trong qua trinh dap vutft co bien mong se xay ra su hoa ben manh ciia vat li£u phoi 
(hien tuong bien cirng) lam tang do cirng cua no. phuc hoi tfnh deo cua ph6i sau mdi 
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nguyfen c6ng dap vu6t cdn phai ti£n hanh u k£t nnh lai (trong m6i truing trung itnh) sau d6 
tay sach bang an men trong axil, rua sach va say kh6. 

4.9.5. Vi du 

Chung ta can phai xac dinh dirang kinh cua phOi va eac thdng s 6 cong nghe d 6 dap 
vutfl chi liet hinh tru co bien mong nhu tr£n hinh (4-49a) vat lieu chi liet la d6ng thau JI68 
c6 gich han b£n a b = 300 MPa va do co that ty d<5i trung blnh khi keo: = 0.3. Luang du 

di cat mep la 10 mm. 

1) Xac dinh duimg kinh phOi 

Chi£u diky cua phoi cin liy bang chidu day day cua chi titft, nghla la S„ = 3 mm; con 
dudng kinh ciia phoi phang duac xac dinh theo cOng thuc (4-47): 



1 b) 

Hinh 4A l ). Ban ve chi tiet va Irinh tu dap vuot co bifn mong. 


2) Nguyen cong dap vudi I4n diu 

0 nguyfcn cOng dip vuot d4u lien se duac thiet kf dap vuot kh6ng bi£n mong v;\ khOng co 
chan ph6i, boi vi no thoa man di£u kien 6n dinh: D () - d < (18 + 22 ).Sq. Vdi chieu day tucrng 
dtfi cua phan thanh: (lOO.So/D () ) = 3 chi gia tri giai han cua mure do dap vudt lit: [Kj] = 2.0 
(theo sd lieu trong s 6 tay). Nhu vay co the gia thiet rang v6i (100.So/D n ) = (l00.3)/46 * 6.5 
thi gia tri gidfi han cua mtic do dap vud't [Kj] co the cao han. Khi dap vu<5t a nguy£n c6ng 
dau. chi£u day thanh So = 3 mm va dudng kinh trung blnh d, hlnh = 18 + 3 = 21 mm. Khi do 
muc d6 dap vuO'i se la: 

K, = 46/21 =2.19 

Dudng kinh ngoai cua hinh tru o nguy£n cOng ddu se la: 

d ( = 21 + 3 = 24 mm. 
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De tao ra khe ha giufa chay va phoi dam bao cho chay chui vao trong ph6i dirac d£ 
dang thi duftng kinh trong cua hinh tru a nguyen c6ng diu se la: 

d lmjlfi = 1,005 . IS = 18,09 * 18,1 mm 
Nhu vay chi£u cao cua no se la: 

L , \ 46 2 -24 2 ,] „ 

h ' =3x [i^5^j3 + 1 J" 2 '- 3mm 

3) Luc cCng nghe if nguyen c6ng dSu: 

, 3,14x2Ix3x(2,19 - l)x 300 = kN 
1 1000 

Sau nguy£n cong nay cin phai u ket tinh lai sau do tiy sach bing axit, rira sach va s£y 


4) Mire d 6 bi£n dang a nguyen cong diu 

Muc do bidn dang a nguyen c 6 ng dau dap vuot co bien mong lily bang [\|/J - 0,55. 
Nhu vay theo cong thuc (4-49a) duang kinh ngoai cua ban thanh phim 6 nguyen cong nay 
se la: 

d 2 = \j24 2 -0,55 x ^24 2 - 18 2 )= 20,9 mm 

Khi do chieu day cua thanh se la: 

S 2 = (20,9 - 18)/2 = 1,45 mm 

Muc dd bien dang if nguyen c 6 ng dap vuot thir 2 co bifn mong (vdi duang kinh ngoai 
chi tiet bang 20 mm) se la: 

y 2 = (20,9 2 - 20 2 )/(20,9 2 - 18 2 ) = 0,326 

Mure do bien dang t 6 ng cong se la: 

= (24 2 - 20 2 ) / (24 2 - 1S 2 ) = 0,698 * 0,7 

Muc do bien dang tong khOng vuat qua giefi han cho phep khi dap vuot qua hai edi 
rieng biet, cung nhu qua mOt edi ghep. 

De kiem tra k£i qua tinh toan tren chung ta co thi tinh so nguyen c 6 ng d$p vu 6 t tdng 
cong theo c 6 ng thuc (4-51) v 6 i muc do bien dang trung binh \y lb =0,55: 

Info,785 x (2O 2 — 1 8 2 )1 — lnfo,785 x (24 2 - 18 2 )] 

N = —------ L — -2- jL = 1 5 

ln(l - 0,55) 

Nhu vay chung ta co the ket luan ring: chi tiet tren se phai dap vu<5t co bien mong 
sau hai nguyen cOng. Trinh tu cac nguyen cong dap vu 6 t va cac th 6 ng s 6 cong ngh£ ducrc the 
hi£n tr 6 n hinh (4-49b) va bang tong hqp (bang 4.1). 
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Bang 4.1. Ket qua tmh toan cong nghe dap vuot c6 bifn mong chi tiet hinh tru 


Thir 

It/ 

Cac thOng s 6 xac dinh 

Dap vudt khong 
co biO'n mong 

Dap vuot co bi£n mong 

Nguyen edng 1 

Nguyen edng 2 

n 

Duong kinh ngoai (mm) 

24 

20,9 

20,0 

2 

Di/dng kinh trong (mm) 

18.1 

18,06 

18,0 

3 

Chieu day thanh (mm) 

3 

1.45 

1,0 

n 

Mure d6 bien dang 

0,54 

0,55 

0,32 

5 

He s 6 bie'n mong 

1,0 

2,07 

1,45 

6 

Chieu cao trung binh cua ban thanh pham 

21,3 

47,6 

70,0 

ra 

Goc nghiOng t6i uu cua coi (p - 0,1) 

20“ 

22° 

16° 

_ 8 

Luc dap vuC't (kN) 

70.6 

60 

27 


4.9.6. Oac diem ket cau cua khuon va dung cu 

Sa do khuon de dap vu6t co bien mong duqc chi ra trcn hinh 4.50a. Trong khuon khe 
ha giura chay 1 va coi 2 nho han so v6i chieu day thanh cua phoi tru, vi the khi dap vuot se 
xay ra sir bi£'n mong va ban lhanh ph&m (chi tiet) se bam chat vao chay. De ga chi tiet ra 
khoi chay nguai ta dung co c£u go 3. Ca cau nay bao g6m 3 manh rieng bict, giong nhau 
cua 1 vong vanh khan. Khi chay cung voi ban thanh ph&n di xuong, ep vao vong 3 va nen 
vao 16 xo 4; vong 3 trirqt theo mat con ciia c6i va dich chuyen xuong phi a duai, d6ng thoi no 
bi tach ra lam tang duang kmh trong cua 16 va cho phep chay cung voi ban thanh phdm chui 
qua. Sau do khi ket thuc qua trlnh dap vuot, chay ti£p tuc di xuong, ducri lac dung cua 16 xo 
4 vong go 3 lai dich chuyem len tren doc theo mat ben cua coi va om khit vao chay, d6ng 
th6i no duqc khoa chat vao mat con cua coi va luc nen cua 16 xo. O hanh trinh nguqc, chay 
chuycn d6ng len tr£n; mat dan phia trcn cua chi tiet da duqc vu6t ty vao vong go 3 va g& chi 
tic't ra khoi chay. De qua trinh go chi tiet duqc nhe nhang va thu&n lqi, phin lam vi£c cua 
chav edn phai lam co do con voi goc con tir 1 4- r } 3CT va b& mat cua chay cin phai duqc lam 
bong va ma crom. Ngoai ra d i tranh hien tuqng co khoang chan khong duqc tao ra khi ga 
chi ti£t ra khoi chay, thi tai n\m cua chay ngudi ta thubng phai lam 16 thoat khi thong v&i khi 
quye’n (hlnh 4.50a). 

Chay dap vuot thuang duqc che tao king thep hop kim dung cu Y10A hoac tuang 
duang voi no. Sau do duqc toi va ram de dat do cting 58 4- 62 HRC. PhSn lam viec hinh c6n 
cua coi va phan hinh tru de tinh chinh 3 4-5 mm cung phai duqc lam bong va ma crom di 
nang cao tinh chong mai mon. Coi thubng duqc che tao bang hop kim cung BK20.C hoSc 
thep hop kim dung cu Y10A. Do cung sau khi t6i va ram c£n dat 62 4- 64 HRC. Goc con cua 
coi tuy ihuoc vao dieu kicn bien dang va chinh la goc nghieng toi uu cua cCi (tp - 8 4- 25 (1 ) 
tuy itrng truaiig hap cu the. Phuang phap tfnh loan cac kfch thude lam viec cua dung cu 
(chay va coi) duqc chi ra trong s6 lay. 
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Hinh 4.50. So do khuOn de dap vu6l c 6 bien mong (a) 
vk c6i co su b 6 tri theo tang (b). 


De nang cao nang suit lao dOng, ngirai ta tlurang phtfi hap hai hoac nhieu nguyen 
cOng dap vuot co bien mong tren cung m<M khuOn. Trong khudn phtfi hap ngirai ta dkt mot 
vai c 6 i vutft (cal no sau cat kia) lien tiep nhau vdi su giam din du&ng kinh cua 16 lam viec 
(hinh 4.50b). Trong khuOn nay chieu day thanh cua cac ban thknh pham duac giam ddn khi 
no Idn Inert di qua cac cdi duqc b 6 trf theo ting lien tiep nhau. Khi d 6 sir khOng den chieu 
day thanh vk sir cong doc true cua chi tiet la nho nhdt so v 6 i khi dap vuot trong lirng c 6 i 
rieng biet. 

Co the tang duqc mure dc> bien dang tdng edng khi dap vuot co bien mong trong khuOn 
phCi hap hai hay nhiC'u cOi khi qud trinh dap vuot a cOi pWa dirai duac bat diu ngay sau khi ket 
thuc qua trinh vuot a coi phia tren, nghla la khi ma 6 giua cac c6i co m6t khoang edeh du Ian. 

Neu nhu dap vu6t co bien mong thanh d6ng thfti vai sir giam ca duang kmh cua ban 
thanh pham thi qua trinh do dtXOC goi Id dap vu6t lien hap. Nghien cuu qua trinh dap vufit 
lien hap nguOi ta da chi ra rang, viec giam ddng thai ca chieu dky thanh vk duang kinh cua 
bdn thanh phdra (trong m<M giai han nhat dinh) khOng nhung khong giam duqc mure do bien 
dang gidi han cho ph£p ma con hi tang len mOl chut. 

N 6 j dp dung phirang phdp ddp vu 6 t lien hap, sau m$t nguyen cOng nguoi ta co the 
nhan duqc chi tiet co chiiu cao bang 1.5 ldn duang kinh cua no, trong khi d 6 neu dap vu 6 t 
bang phirang phap khong bien mong cQng chi tiet nhu vay. phai mat tir hai dCn ba nguyen 
cOng. So dT nhu vay la do khi dap vuO'l lien hop cung nhu dap vuO't c 6 bien mong, lire ma sat 
co fch (rich cue) co tac dung 1 km giam nhe tai trong tai tiet dien nguy hiem cua chi tiet (ban 
thanh pham). 
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Dap vudt lien hgp cho phep khdng nhung giam dugc so nguydn cong ma con tang 
dupe chat lucfng be mat cua chi tiet va n&ng cao dp chinh xac kfch thude dirong kfnh cua no. 
Phirotig phap dap vudt lien hop sir dung d£ che tao cac chi tiet co chiCu day thanh nho hon 
so vdi chi£u day day cua no. 


Mifc do bien dang khi dap vudt li£n hop dugc xac dinh bang cOng thurc: 


Mhifin h<;p “~ 



= 1 - 


d n -S 

d„-i-S 


t\ _ 

ri“l 


Chung ta co th £ thay muc d6 dap vudt la: 



va h £ so bidn mong: 


K - $ u ' ] 
H j “ “g 


Do do: 


Hhien hup ^ 1 /K r Kb m I 1^K|.hup 

trong do: K Ul ^ p = K v .K b m dirge goi la he sd bien dang khi dap vudt lien hop. 

Neu biet dugc tri so cua K v va K b m thl chung ta co the xac dinh dugc chieu day thanh 
va dudng kfnh cua ban thanh pham cua nguyen cong dap vudt lien hgp: 


Do 


Ktrimg binh) 


Kv„) 

i - d| ( |b * 

l 2(tTLing hinli) rs 

N y( 2 > 


; s 


s„ 


K 


S 2 = 


b.m(l) 

Si 


K 


b.m(2) 


l n(trung binh) tj- 

K v(n) 


dn-l(t.b) « _ S, 

» ^n — 


K 


b.m(n) 


Trong trirdng hop neu nhu chi tidt da dugc dap vudt lien hgp co duong kfnh d t b 
trung voi dudng kfnh y£u ciu cua chi tiet cho trong ban ve nhung chieu day thanh lai ldn 
ban chi6u day cua chi tiet ytu cau (d, b = d ch S n > S ch t ), thl khi do qua trinh dap vudt se 
dugc tiep tuc chi di giam chieu day thanh cho ddn khi S n = S ch>t . Ngugc lai neu S n = S ch t 
nhung d n(lb) > d ch t thi se tidp tuc dap vudt khong co bie'n mong thanh cho den khi dat dugc 
d t.b= <Wf 

Chi£u cao cua ban thanh pham a cac nguyen edng dap vudt lien hgp dugc xac dinh tir 
dieu kien can bang the tfch phdi va ban thanh pham tuong urng. 
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4.10. DAP VUOT CHI TIET BANG CHAT DEO 

Nhfing chi tiet r6ng c6 thanh mong dugc sir dung nhieu trong c6ng nghi£p va trong 
doi song sinh boat lieu dung nhu: cac chi tiet vo cua 6t6; cac chi tifii cua tii lanh, cac chAu 
rira, vo cua cac loai d6ng h6 khac nhau, cac loai bon tAm cho tre, cac d6 chcfi cua tre em 
v.v... th trong dugc ch£ tao bAng cac loai phoi tAm nhira nhiet deo, ma trirdc khi tao hinh cAn 
phai nung nong d£n mot nhict do toi uu thich hap. Chi co cac tAm sgi trucfc khi dap ngudi ta 
moi tham ucft. Do khi bi nung nong tinh deo ciia phoi dugc nAng cao va dilu do cho phep tao 
hinh chung voi m6t muc do bien dang rat lcrn ma khong bi pha huy. 

Nhung tAm nhua nhict deo dugc su dung nhieu nhat la: polislrirol; polietilen, thuy tinh 
huu ca, v.v... Nhiet do nung phoi cua nhom nay tuy thuoc vao dang chAt deo va mac cua no. 
Nhiet do nung thucmg thay doi tir 110 4- 160°C NhCfng chi tiet sau va hinh dang phurc tap 
thuang dugc che tao bang nhung vAt lieu da neu tren. 

NhGng chat deo it deo ban nhu techtolit, thuy tinh - techtolit va nhung chat tuang tu 
thi nhiet do nung cSn phai Ian han. D6i vai techtolit thi nhiet do nung khoang 170°C con doi 
vdi thuy tinh-tcchtolit nhiet do nung dtfn 230 (1 C Nhfrng vat lieu nay dugc dung d£ che tao 
cac chi tiet kh6ng sAu trong cong nghiep. Hetinac, ebonit va mot so vAt lieu tren ca so mica 
la nhung chAt deo khong dugc tao hinh trong khu6n. 

De co the che tao cac chi tiet chat deo bang phuong phap dAp vuot - tao hinh ngudi ta 
thucmg su dung thict bi chuyen dung co dan d6ng tu dong, trong san xuat hang loat Ion va 
hang khoi, thiet bi tao hinh chan khdng chuyen dung dugc sir dung nhi£u nhat, Thict bi nay 
co mot bom hut chAn khong, mot may nen khi, mot he thong nhiet va cac ca cAu cho phep 
lam viec a che do tu dong. 

So d6 ket cAu ciia m6t trong so nhung thiet bi nay nhAm phuc vu cho viec chA tao cac 
buong cua tu lanh dan dung dugc neu tren hinh 4.51a. No bao g6m chay bang nhom L co rat 
nhieu 16 vdi ducfng kinh 16 khong Icm dugc phan bo doc theo nhirng ducmg uon cua chi tiet; 
m6t tam de 2; mot he thong dAn dong cho chay bang khf nen 3\ mot b6 phan de kep chat va 
dugc bit kin 4 va mot tam kep 5. Ph6i bAng chat deo p6listrir61 dugc dat tren be mat cua bo 
phan kep chat 4 va dugc kep chat bcri tam kep 5. Sau do no dugc nung nong den nhiet do 
110 120°C bai thiet bi nung 6. Khi chay dich chuyen len phia tren, phoi se bi udn theo 

chay nhung a cac goc khong dugc 6p sat vao chay, qua trinh tao hinh xay ra do su giam 
chieu day ciia thanh (tu 5 den 1,5 mm). 

Nho co viec tao ra d6 chAn khong a cac goc ciia chay: A, B, C ... (hinh 4.51a) phoi se 
dugc cp sat vao uit ca cac phAn goc, cac hdc lorn, cac khe ranh v.v... va tai tat ca cac vi tri 
cua no dCu dugc tao ra mot do chan khdng. Sau khi ket thtic qua trinh lao hinh bang chan 
khdng, sail pha'm dugc lam nguoi bAng nhfrng luong khong khi nen den nhiet do 30°C va 
dugc thao ra khoi chay. 
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b) 

[link */.57. So d6 thiet bi tao hinh chan khdng (a, b) va so c \6 khuon (c) 
dd che tao cac chi tiet bang cac ta'm chat deo. 


Trong san xuat loat nho, dd che tao cic chi tiet Idn va trung binh c6 hinh dang iron 
xoay. bang thuy tinh hfru co va nhung chat deo khac, nguoi ta tlnrdng sir dung nhung thie't hi 
tao hinh chan khong c6 k£t cau don gian hon (hinh 4.51b). Thiet bj nay bao g6m vo /; c6'i 
dap vu6t 2; vong chan v r a bjt km 3 va 4\ bd kep chat 6; c6i tao hinh 7 va bo tao nhiet 5. Nho 
cd mdy bom hut chan khong, trong vo I tao ra do chan khOng, do do dudi tac dung cua ap 
suit khi quydn. phoi da dirge nung nong bi vudt ep qua cOi 2 va tao hinh theo hinh dang cua 
c6i 7. Sau do dirge lam nguoi va thao ra khoi khudn. 

Ngoai nhung thidt bi tao hinh chan khOng ma chung ta vira khao sat dd che tao cac chi 
tiet bang nhung tarn chat deo co chidu day den 15 + 20 mm nguoi ta c6n sir dung nhung thiet 
bi khi nen de dap vuot va tao hinh tr£n c6i cung bang ap luc cua khong khi nen hoac nhumg 
khuon de’ dap vu6t dugc dal tren may cp thuy luc (hinh 4.51c). Vat lieu dd chC tao chung la 
silumin (A1 - Si) hoac thep cacbon tha'p. 
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4.11- NHUNG PHUGNG PHAP B6l TRON VA LAM NGUQI KHI DAP VUOT 

Khi dap vu6t vdi mire dd bifn dang Ian, vi£c chon dung phuorng phap cOng nghe boi 
trail, lam nguoi, thanh phan chat bdi tran va do nhdt cim chung co mot y nghia rat quan 
trong. Viec sir dung mdt each c6 hieu qua phuong phap cong nghe b6i tran se lam cho qua 
trlnh san xuat dugc 6n dinh vdi chat lugng cao ciia be mat chi tie't dap vu6t va dam bao tudi 
tho bin lau ciia chay va coL 

Trong thuc te san xuit, ngudi ta co th^ sir dung nhieu cac chat bdi tran co thanh phin 
khac nhau. Cac chat boi tran nay co th£ chia thanh 2 nhom chinh: 

- Cac chat b6i tran khong co chat don kh6ng tao dugc mang chin bin vffng va d i 
dang bi ep ra khoi be mat ciia ph6i va dung cu. 

- Cac chit boi tran tot nhat khi chiu ap luc cao la nhung chat boi tran co chat don 
dudi dang bot phAn hoat thach va dac biet la graphit hoic b6t g6. 

Viec sir dung nhung chit bdi tran nhu vay, ngoai viec nixig cao dugc mure do bien 
dang cho phep, con nang cao dugc tudi tho ciia khuon (dac biet la c6i vuot) bdi vi nhtfng 
chit ddn nay la ldp ngan each gitfa phoi va dung cu, 

Nhung chit boi tran dugc sir dung khi dap vudt can phai thoa man nhung yeu cau sau: 

1) Tao ra dugc mot ldp mang chin ben vung, khong bi khO di va chiu dugc ap lire 
cao ma khOng bi ep ra khoi bi mat ticp xtic. 

2) Dam bao bam dinh ttft va phan b 6 deu lap boi tran. 

3) De dang lay rua ra khoi be mat chi tiet sau khi dap. 

4) On djnh ve thanh phan hoa hoc va khong ddc. 

5) Cac phin tir ciia chit don khOng dugc lam hong ca tinh (lam biin chat) lap bi 
mit cua chi lift san pham hoac dung cu. 

6 ) Khong bi (hay d6i do nhdt khi nhiet do thay doi tire la b4n nhiet va chiu nhiet. 

Y6u cau thtr 6 cho den nay thuc te van rat kho thuc hien. 

Khi dip vuot cac chi tie't bang (hep va kim loai mau, chit boi tron dugc sir dung da 
cho ket qua tot la dau bdi trail vdi nhtrng loai chit ddn khac nhau nhu: boat thach, graphit, 
ltru huynh va bdt phan v.v... Ngoai ra, khi dip vuot cac chi tiet dan gian, ngudi ta thudng sir 
dung cac chit bdi tran co pha them clo va luu huynh loai: XC-I47; XC-163: XC-164 va 
ukrinol 23 v.v... 

Khi dap vud't cac hgp kim chju nhiet vi hgp kim titan, cac loai thep chd'ng an mon 
thudng rit di bi dinh kim loai len dung cu gay ra cAc vet xude tren san phim, khi do ngirdi 
ta sir dung bat nhao: B>KC-4 (bdt nhao nay dugc tang hgp tir nhtrng san phim che' bieii d&u 
lira) hoic phu len phdi mOt ldp son XBJT-21 nhim tao ra mdt Idp ngin each hoac la sir dung 
poiietylen hoic la dem mot ldp giay parafin. Viec ma mdt ldp dong deo len bi mat phoi 
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trong dung dich mudi la mOt chai boi tran r£t co iri£n vong khi dap vudt cac loai thep chong 
an mon. 

Sir bam dinh cua cac loai thep chiu nhidt va thep chong an mon len mep lam vific cua 
cdi la do chung co gidi han chay va dd co that ty doi trung binh khi keo cao han so vdi thep 
cacbon thap. Do do khi dap vudt ap lire tidp xuc cua cdi tang l£n, Dm cho kim loai bi dfnh 
vao dung cu gay ra hi£n tugng cao xude tren be mat cua chi tidt. 

Khi dap vuot cac chi tidt bang nhom va hop kim nhom ngudi ta thudng sir dung hdn 
hap sap ndn va dau thong hoac vazalin ky thuat. Khi dap vu6t dong ngudi ta dung ukrinhol 3 
hoac md dong vat hoac dau xa phong emunsi. Khi dap vu6t cac chi tidt da qua u ket tinh lai, 
trong sd do co cac chi tidt dap vuot bien mong thanh, ngudi ta thudng sir dung: nude-xa 
phong dmusi de boi tran, bdi vi cac chat boi tran khac thudng dd bi chay tao ra tr£n bd mat 
chi tidt mdt ldp mudi than rat kho tay sach. Nhidt dd cua emunsi cSn phai nhd han 
20 -5- 30°C. Khi nhiet do cua emunsi Idn han 30°C do nhdt cua no bi giam dang ke, den n6i 
bi mdt di irnh chit bdi tran va gay ra phe pham dudi dang dirt, rach. 

Nhfing nghidn cuu nham xac dinh dd nhdt toi uu cua chat boi trOn, phu thuoc vao toe 
dd bidn dang va ap luc tidp xuc len dung cu khi dap vudt da chi ra rang: chat bdi tran se co 
ich khi dap vudt vdi tdc dd bien dang nho va hoan toan khong co tac dung khi dap vuot vdi 
tdc do ldn do bi nong 1 tn va giam dd nhdt. Ndu sir dung cac chat bdi tran chiu nhiet, co dd 
nhdt td'i uu, thi kha nang di nh&n duoc cac chi tidt dung quy each bang phuang phap dap 
vudt chi vdi tdc dd bidn dang khoang 300 m/s. Khi dap vudt bang ap luc cua chtft nd nhtfng 
tarn hop kim nhom ngudi ta thudng sir dung dau vazalin hoac 10% nude-xa phdng emunsi. 

Nhung chat bdi tran ma chung ta vira khao sat trdn duoc su dung khdng nhung de dap 
vudt ma con sir dung di thuc hien nhflng nguydn edng tao hinh khac nhu: uon, top, dap gian, 
len vanh, tao hinh v.v... 
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Chuang 5 

CAC NGUYEN CONG TAO HINH KHAC 


5.1. NGUYfiN CONG LEN VANH LO 

5.1.1. Trang thai trng suat va bien dang 

L£n vanh 16 la m6l nguydn cOng nhim tao ra vanh go xutig quanh 16 lien cac phoi 
phang hoac ph6i co d6 cong don (hinh tru. hinh con) va phoi co do cong kcp (nhu hinh cau) 
v.v... Trong cac ph6i d6 thuong co cac 16 cong nghe da diroc dpi hoac khoan truac khi len 
v&nh va each d6u duftng bao cua vanh. 

Trong qua irinh I6n vdnli xay ra su rang kfch thirdc cua 16 c6ng nghe d6ng thai vai 
viec u6n phdii phoi 6 xung quanh 16 theo mep lam vi£c cua cO'i va sau do nan thdng phan 
phoi nav nho sir dich ehuyen mong doi mep lam viec cua chay Giai doan dau cua qud irinh 
iCn vanh dirge bie’u di6n trCn hinh 5.1a va ket ihuc hinh 5.1b. 

Viing bi bien dang deo khi len vanh 16 la m6i vbng vanh khan, dirge giai han boi cac 
biin kfnh rj v vi R (hinh 5.1a). Trang thai ung suit tai viing bien dang deo la trang thai i3rng 
suit pining g6m ung suat keo theo huerng kinh va huong ti£p tuy£n. Do do n£u ilnh deo cua 
vit lieu phoi thdp till chi6u cao cua vanh dat ttf 0.2 d£n 0,3 lin gid trj dudng kfnh cua n 6. 

Khi lftn vanh 6 trang thai nguOi, thuong xay ra hien tugng hoa b6n vdt lieu va su giam 
chi£u ddy cua phoi tai viing bi£n dang (bien mong thanh). Nhung hiCn tugng nay c6 tac 
dung ngugc nhau ddi vai ung suit keo hu6ng kinh cue dai a pmax . Sir bien mong cua phoi se 
lam giam gia tri cua a pmux va sir hoa ben vat lieu phoi se lam tang a pnuv Neu gia sir ring 
anh huong cua su hoa b£n va sir bi£n mong den irng suit keo o puiax dirge bii trir Ian nhau thl 
klu ph£n tich trang thai irng sudt cua cluing c6 th£ khOng can chu y toi. 



Hinh 5.1 . Cac giai doan cua qua trlnh len vanh: 
a- giai doan ddu; b- giai doan k£t thuc. 


1 % 



C6ng thtfc de xac dinh ung suat keo hudng kmh 16n nhat lai thcri diem cao nha't cua 
qua trinh len vanh (khi goc om cua phoi vao cac mep lam viec cua c6i va chay a c(>l = a chiy - 
90°) co tfnh den cac urng suat sinh ra trong phoi 6 tat ca cac giai doan, cung nhu tinh den 
ung suat phu dugc gay ra bat lire ma sat tiep xuc, (theo phuang phap ky su) co dang nhu sau: 


pmax 


= a s 1 


Ijv 


+ 


R 2r cb S 4r c + 2S 


(l + l,6p) 


(5-1) 


trong do: 

T|v - r o + 0>57(r c + r ch + S) - ban kmh cua 16 cong nghe trong ph6i tai thdi didm cao 
nh&'t cua qua trinh len vanh; 

R - ban kinh cua vanh; 

r ch , r c - ban kmh loan cua chay va coi; 

S - chidu day vat lieu. 

Trong c6ng thuc (5-1) s6 hang (1 - rJR) la mure do bien dang, cac s6' hang S/(2r ch + S) 
va S/ (4r c + 2S) la tinh den su u6n cua phoi 6 cac mep lam viec cua chay va coi; con so hang 
cutfi (1 + l,6p) tinh den sir anh huang cua ma sat il&p xuc trdn mep lam viec cua chay. 

Tri $6 chinh xac han cua urng su£t o pmax co tfnh dd'n sir anh huong cua hoa bdn vat lieu 
va su bien mong thanh dugc xac dinh bang phuang phap khac trong cac lai lidu chuyen 
nganh. 


5.1.2. Life bien dang 

Luc bidn dang khi len vanh bang chay hinh tru co day phAng tai thai diem cao d6 cua 
qua trinh voi dieu kidn (R - r 0 ) > r ch dugc xac dinh theo cong thtfc sau: 

Pjv = 27c.o).R.S.o pmax (5-2) 

trong do: a pmax - irng suat keo hudng kmh cue dai theo cong thurc (5-1). 

Luc bien dang khi len vanh co ihi xac dinh m6t each gdn dung neu nhu trong cong 
thurc (5-1) chiing ta co thd bo qua cac so hang phia sau la nhung so hang tinh den sir anh 
huong ciia ung suit u6n va ma sat tiep xuc. Khi do la co phuang trinh 5-3: 

P| v ~ 7t-D.S.a b (l -r 5 /R) (5-3) 

Trong cong thtic (5-3) ta da bo qua mot so y£u 1 6 anh huang den a pmax> de bu vao do 
chung ta da thay a s trong cong thurc (5-1) bang gicri han ben a b . 

Khi ten vanh, hinh dang phan lam vide cua chay co anh huong chu yeu den luc ldn 
vanh. Tren hinh 5.2 da chi ra d6 thi luc khi ldn vanh thay d6i theo hanh trinh lam vide cua 
cac loai hinh dang chay khac nhau. Luc len vanh se la nho nha't khi hinh dang cua chay co 
dang parabol ho£c hinh c6n. 

Luc bien dang khi ldn vanh bang chay hinh con se la: 
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Hanh trinh cua chay 


Hinh 5,2. Sir thay doi cua luc len vanh thco hanh trinh cua chay: 
a- chay hinh tru ; b- chay hinh chom cAu; c- chay parabol; d- chay hinh con. 

Khi sir dung chay hinh con co goc cp = 30° se cho phep giam dupe lire len vanh (khi 
r/R = 0,6) khoang 1,5 lan so vdi khi dung chay hinh tru co day phAng va goc lirpn nho. 


5.1.3.Tmh toan cong nghe 

Hinh dang phan lam viec ciia chay co anh hirang den do chinh xac kfch thude va hinh 
dang duong sinh cua vanh. Khi l£n vanh bang chay hinh tru co day phAng va ban kinh lirpn 
cua mep lam viec tirong doi nho thi be mat cua vanh co dang phinh trong. Khi do diremg 
kinh cua no se tang len a vimg uon va phin thanh khi ra khoi chay. Khuyet tat nay thuong 
khong cho phep neu phan vanh dung de lap ghep vdi cac chi tiet khae bang ren hoac lap chat. 

Hien tirong tren la do tac dung cua momen tiP'n gay ra bdi ;"rng suat keo a p va luc ma 
sat tiep xuc tai thdi dieTn ket thuc qua trinh len vanh. Neu khe ha giOa chay va coi cang lan 
thi momen uon cang lan va su phinh trong cang 16n. Co the khAc phuc do phinh trong cua 
vanh bAng each tang ban kmh lupn mep lam viec cua chay. Khi len vanh bang chay co dang 
ban can hoac hinh cPn thi hinh dang dirbfng sinh cua vanh hiu nhu la thAng. 

Chieu cao 16n nhai cua vanh: h mjx khi len vanh ma khong co khuyet tat nhu bi nut ne 
a phAn mep vanh, tuy thuoc vao su gian dai tuang doi dong dcu cua phan vanh khan phoi 
dupe giiiri ban befi IP cong nghe va dtffrng kinh vanh. Gia tri cua h max tuy thuoc vao mure dp 
bien dang, tmh chat ca hoc cua v&t lieu phoi va chi£u day tuang dP'i cua phan thanh khi len 
vanh: S/D. 
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Trang thai cua vat lieu phoi d mep 16 c6ng nghe co anh hudng chu yeu den do gian dai 
tuong ddi d6ng ddu. N£u nhu su hoa b&n cua kim loai 6 mep 16 khong dang k 6 hoac hoan 
toan khong bi hoa ben (dieu nay chi co ihi nhan dugc khi 16 dirge khoan hoac d6t sau do co 
cat tinh (got) hoac co the u ph6i sau khi dot) thi d6 gian dai ty doi sc lbn hon nhieu so vdi 
khi 16 dugc dot bang khu6n ma kh6ng co xir ly. Khi do chieu rong cua phdn vanh bi hoa ben 
cua phoi dugc gidi han bdi dubng kinh 16 va bang chieu day cua no. Do gian dai tuong doi 
cua phan mep vanh khi len vanh thubng ldn hon so vdi d6 gian dai ty d6'i khi keo mau lieu 
chuan. Sd dT nhu vay la do sir phan bo bien dang khbng d6ng deu theo chieu cao cua vanh: 
Cac Idp kim loai a sat mep bi bien dang nhieu hon so vdi cac lop kim loai cang xa mep 16 
cua phoi, vi vay cac ldp kim loai sau cung sc bi nen lai do sir bien dang cua cac lop kim loai 
6 ngoai mep lam tang d6 gian dai tuong doi cua vanh. 

D6 gian dai tuong ddi cua phan vanh phoi dugc gidi han bdi 16 cong nghe dugc xac 
dinh theo c6ng thuc: 



trong do: d n - dudng kinh cua 16 cong nghe; 

D - dubng kinh len vanh; 

ty so D/d 0 = K lv dugc goi la he so len vanh. 


Do chua co mot phuong phap Unh toan chmh xac sir anh hudng cua ung suat tap trung 
va su hoa btn bien dang doc theo mep 16 cong nghe nhan dugc bang cac phuong phap: 
khoan, dot hoac phuong phap khac nao do nen cho den nay van chua c6 mot cong thuc nao 
(dudi dang giai ti'ch ro rang) de xac djnh h£ s6 len vanh. 


Mure do bien dang gibi han co the’ xac dinh theo phuong phap cua V. L. Konmogorop. 
Bing phuong phap nay co th£ nhan dugc trudng phan bo bien dang m6t each day du va xay 
dung d6 thi deo ddi vdi mot kim loai co chieu day va mac vat lieu da cho. 


De xac dinh he so len vanh cho phep nguoi ta thudmg sir dung cac he so thuc nghi£m 
dudi dang bang so lieu hoac do thi quan he. Khi phan tich nhung so lieu nay chung la co the 
tha'y rang: khi tang chieu day tuong ddi cua phoi S/D thi gia tri gidi han cua he so len vanh 
cho phep [K| v ] se tang len (hinh 5.3a). 


Do su bifin dang tuong doi doc true 6 p tai 6 bidn dang co su thay d6i dftu (d mep cua 
vanh coi la bitfn dang nen va sau do d mot khoang each nhat dinh tir mep edi trd di la bien 
dang keo) cho n£n su sai lech giua do dai khai tri^n cua phan vanh dugc tao ra va chieu rgng 
cua phan phoi bi bien dang vao khoang 10%. Neu su dung nhQng so lieu nay thi dudng kinh 
cua 16 cong ngh£ co the’ dugc xac dinh bang di£u ki£n can bang giu’a d6 dai cua phan vanh 
khai tridn vdi chi6u rong cua phan phoi bj bidn dang (hinh 5.1b). 


d (l - D + 2,4S + 0,9r c - 2h 


( 5 - 5 ) 
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Co th£ sir dung cong thirc (5-5) n£u nhu chi£u cao cin thi£'t cua vanh khOng vuot qu«1 
gidi han cho phep (H < h ma *). 

t D( 1 - 1 / K , v ) + 2,4S + 0,9r c 


max 


(5-6) 


trong do K u , - he s 6 len vanh xSc dinh theo s6 li£u thirc nghiCrn trong s6 lay. 



a) 


Pv 

T) 




b) 

tiinh 5.3. a) Sir phu thudc cua he so len vanh cho phep vao chi6u day 
tuong ddi cua ph6i ddi vdi thep 08: 

a) 1-16 nh&n dugc bang phirong phap d6t: 2- 16 nhi\n dugc bang phuong phap khoan; 
b) So d6 dap vudt va len vanh d& nhan dugc chi liet co chi£u cao vanh Ion. 

Co th£ nhan dugc kfft qua chinh xdc hem khi giai bai loan xac dinh duong kinh 16 cOng 
nghe b&ng each sir dung di6u ki$n iht tich khOng ddi truoc va sau bien dang. Tuy nhi£n 
nhumg k£t qua do chieu cao cua phan vanh khi I6n vanh da chung minh rang: Su sai lech cua 

S 

nhtrng s 6 li6u tfnh todn (iheo edng ihirc 5-5) va nhung s 6 lieu thirc nghifcm (voi ^100 ^5) 

khOng vuot qua 6<7r. Chinh vi vay cOng tlnrc (5-5) da dugc su dung r6ng rai trong thirc id sail 
xua't. 
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Chi£u cao cua vanh thuAng khAng viral qua 0,3 duong kfnh v&nh D. N£u 16 cAng nghe 
duac gia cAng tinh (got) sau khi dot thi chieu cao cua vftnh c6 th 6 tang l£n d£n 
(0.3 -r 0,4)D. Khi chi(5u cao cua vanh lAn han gidi han cho phep (h > h mux ) thi cA th£ nhfin 
duac phSn vanh bing cdch dap vuAt so bA mAt phan hinh iru (co th£ sau mAt hoac nhi^u 
nguven c6ng tuy theo hinh dang cua chi li£t, theo nguven lac dap vuAt chi ti£t hinh tru co 
mat vanh rAng) co chiAu cao h’ va duong kinh D, sau do dAt 16 day vd len vdnh (hinh 5.3b). 

ChiAu cao cua phan hinh tru IT khi d&p vuAt duac xdc dinh theo cAng thuc sau: 

h'fe h -0.28.D. ~ (5-7) 


ChiAu cao h* theo cong thurc (5-7) chi co the chap nhdn duac vai dieu kicn 16 cong nghe 
cA dudng kmh: d 0 = (D + S)/K| v ban kmh goc luon a day hinh tru la r ch = r d = (D - d,,)/2. 

Kliuon d£ len vanh khAng co bi£n mong. ve mat ket cdu giong nhu khuAn dS d;\p vuAt 
ldn ddu va thuang dap trcn may ep true khuyu dan dong (hinh 5.4). 




Ilinh 5.4. So d6 khu6n dA len vanh: 
l- chav; 2- l&m go chan; 3- coi; 4- tarn defy. 


Sir khac nhau gitia khuAn len vdnh va khuAn dap vuAt ldn dau la tr£n chav len vdnh co 
kep mAt vAng dinh vj co duong kmh bang duong kmh 16 cAng nghe d () . Khe ho giua chav va 
cAi duac lay bang chiAu day v&t IiAu phAi. Duong kfnh cua chdy len v&nh tuong ting vai 
duAng kfnh cua vanh: D ch = D. Ban kfnh luon cua chav len vanh thuOng duac lay bang 
6 - 8 Idn chiAu ddy phAi: 

r ch =(6^8)S 

5.1.4. Len vanh vong phoi ph£ng 

Khi dip cac vAng phAi phdng c6 t hi c6 nhiAu phuong an tao hinh khac nhau nhu: 
Dap vuAt chi titfl hinh tru vdi duAng kfnh d khi duAng kfnh 16 d 0 khAng thay dAi (hinh 5.5a); 
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cm uei mnn iru cc 
giam dirdng kinh 
hinh 5.5d). 


g kinh D 


Vung 1 
a) 


K; v = d/d 

2 , 


1/K lv = d 0 /( 


ten vanh 


l* Ku = DJd 


t) ' 0 7,4 1.8 2,2 2.5 K v = D 0 /d 

Hinh 5.5. Len vanh ,vdng ph6i phing: 

a * cl - cac phirong an co the tao hinh lir vong phoi phing; e- duong cong gidi han phan 
chia giua vung len vanh va vung dap vu6t; f- dudng cong gidi han iheo G. Maririniakv. 

Die di£m cua qua irinh lao hinh phu thuoc vao ty s 6 cua cac kich thirdc dirdng kinh 
cua vanh ph6i va do d6 phu ihudc vao tri s 6 cua lire edng nghe can ihici de dap. Tv s 6 giCra 
luc dap vuOi va lire len v&nh co the xac djnh neu chung la sir dung nlumg cOng thuc grin 
dung (4-24) va (5-3). Qua mol s6‘ bi£'n d6i va coi d n = D cluing la nhfln diroc: 


S 













trong do: K, v - h£ so len vanh; 

Ky - mure do dap vuot. 

Vdi luc bang nhati, qua trinh dap vudt va Idn vanh luc bat dau deu cung xac sua't. Day 
la dieu kien cho phep co \hi tim dirqc quan he ham so: 


Neu sir dung quan he nay chung ta co the xay dung duqc dudng cong gidi han phan 
chia giua vung len vanh va vung dap vuot (hinh 5.5e). Vung tuang urng cua K )v va K v nam 
dudi dudng cong gidi han dac trung cho qua trinh len vanh, con vung nam tren dudng cong 
gidi han dac trung cho qua trinh dap vudt. 

Su nghien curu mot each chi tiet hon qua trinh tao hinh cac vanh phoi phang cua 
G. Martriniaky da dua ra ket qua dudi dang dudng cong gidi han phan chia mot trudng do 
thi vdi cac true toa do: K v - Do/d va 1/K lv = d 0 /d (hinh 5.50 thanh 5 vung khac nhau. Mdi 
vung trong do tuang ung vdi mot phuang an tao hinh (hinh 5.5a, b, c, d). D6 thi bao gdm hai 
phin: Phan A (nam a phia trdn do thi) tuang ung vdi su pha huy ph6i (nut rach day) con 
phan B tuang urng vdi qua trinh dap khdng bi pha huy. 

Vdi mdi diem tren dd thi co toa do d 0 /d va D () /d chung ta co thi xac dinh duqc dac 
diem cua qua trinh tao hinh vanh phoi phang. Tir d6 thi co thd suy ra ring: Qua trinh len 
vanh chi co the xay ra d vung V khi D vinh = D () . Vdi nhung ty so khac cua dudng kmh D, d 
va d ( , {vung III va IV) thi qua trinh len vanh se phai chan cung phan vanh phoi. 

5*1.5. Nhumg phifdng phap len vanh dac biet 

Ngoai nhung phuang phap len vanh truyin thdng tu phoi phing ma chung ta vua khao 
sat vdi phoi da duqc dot 16 trude, con co mdt s 6 phuang phap nhu: t£n vanh co ap luc nen 
doc true d mep 16 (hinh5.6a), len vanh co ap luc nen hudng kfnh a mep 16 (hinh5.6b), len 
vanh vdi su lam nhan trude be mat b£n cua 16 bang chay hinh edn (hinh5.6c), len vanh co 
ung suat phap doc true 6 thdi di£m ket thuc qua trinh bidn dang (hinh5.6d), ldn vanh phdi 
hop co su lao hinh trude phdn 16i cua vanh va dot 16 (hinh5.6e) ... 

Viec dat ap luc nen tai 6 bidn dang co kha nang nang cao duqc tinh deo cua vat lidu 
phdi va do do nang cao duqc mire dd bidn dang gidi han cho phep. Su lam nhan mep 16 bang 
chay hinh con trude khi len vanh se loai bo duqc cac v£t nut te vi xuit hidn trong qua trinh 
dot 16 edng nghe va dieu do cung co kha nang nang cao mure do bien dang. 

Cac tac gia S. G. Yudovich va V. Ph. Piskop da dua ra phuang phap tao hinh bang 
each ddt 16 va len vanh trong mot khudn phdi hop. Dac diem cua khudn nay la viec dot Id 
duqc thuc hien bang chay ma khong co coi, mep sac cua chay se cat phan phdi da duqc vudt 
vao trong edi va sau dd hoan chinh qua trinh ldn vanh (hinh 5.6f)- 
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f) 



Hinh 5.6. Cac phircmg phap len vanh dac biet. 


Nguyen cong len vanh kh6ng nhung chi rao ra vanh gcf tr£n cac phoi phAng ma ca tren 
nhung phoi rdng hinh tru {hinh 5.7). Phuang phap nay dirac sir dung de tao ra cac vau nhanh 
vdi nhung dang khac nhau de han n6i trong he thong 6ng dan. Di cho chieu cao cua vanh 
tuong doi d6ng d4u doc theo chu vi thi 16 cong nghe cdn phai co do 6 van vcri true ion a nAm 
doc thco true c16i xung cua phoi hinh tru, do dai cua no co the xac dinh tir dieu kien can 
bang giua do dai khai tri£n cua vanh vcri chi£u r6ng ph£n ph6i bi bien dang (giong nhu khi 
len vanh 16 tron) theo cong thuc (5-5); con d6 dai true ngAn b dugc xac dinh (cung tix didu 
kien can bang nhu tren) theo c6ng thuc sau (hinh 5.7): 

(Mi 

' D ng 

trong do: D ng - duong kinh ngoai cua phoi tru; 

S - chilu day thanh ong phoi; 
h - chieu cao cua vanh; 
r ng - ban kinh lugn ngoai cua vanh; 
d v - dirdng kinh vanh. 


N£u tr6n ban ve chi tict chi co kich thude H (hinh 5.7a) thi chieu cao cua phSn vanh h 
se khong ghi, no se duoc xac dinh theo c6ng thuc sau: 


h = (H - 0,5S) 


D + (D + 2r). 1- 


d + 2r 
D + 2r 


trong do: D, r, d la cac kfch thude trung binh cua mat cAt ngang cua chi tiet. 
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trong do: K| V - h£ so ten vanh; 

K v - mtic dd dap vuot. 

Vdi lac bang nhau, qua trinh dap vuot va ten vanh luc bat dau d£u cung xac suae. Day 
la dteu kten cho phep co the tim duoc quan h£ ham so: 


Neu sir dung quan he nay chung ta co th£ xay dung duoc dudng cong gidi han phan 
chia gitra viing len vanh va vung d&p vu6t (hinh 5.5e). Viing tuong ung cua K )v va K v nam 
dudi dudng cong gidi ban dac trirng cho qua trinh ten vanh, con vung nam trdn dudng cong 
giai han dac trung cho qua trinh dap vuot, 

Su nghien cCru mot each chi tiet han qua trinh tao hinh cac vanh phdi phing cua 
G. Martriniaky da dua ra ket qua dudi dang dudng cong gidi han phan chia mot trudng d6 
thi vdi cac true toa dd: K v = D () /d va 1/K tv = d () /d (hinh 5.50 thanh 5 vung khac nhau. M6i 
vung trong do tuong Ung vdi mot phuong an tao hinh (hinh 5.5a, b, c, d). D6 thi bao gom hai 
phan: Phan A (nAm d phia iren d6 thi) tuong ung vdi su pha huy phdi (nut rach day) con 
phan B tuong ting vdi qua trinh dap khong bi pha huy. 

Vcfi moi diem tren dd thi co toa do d 0 /d va D 0 /d chung ta co the xac dinh duoc dac 
diem cua qua trinh tao hinh vanh phoi ph&ng. Tu do thi co the suy ra rang: Qua trinh len 
vanh chi co the xay ra a vung V khi D vimh = D 0 . Vdi nhung ty s6 khac cua dudng kfnh D, d 
va d () (vung III va IV) thi qua trinh ten vanh se phai chan cung phan vanh phoi. 

5.1,5. Nhumg phiTdng phap len vanh dac biet 

Ngoai nhung phuang phap ten vanh truyen thong tir phdi phang ma chung ta vira khao 
sat vdi phoi da dtroc ddt 16 trude, con co mOt s6 phuong phap nhu: ten vanh co ap lire nen 
doc true d mep 16 (hinh5.6a), ten vanh co ap lire nen hudng kmh d mep 16 (hinh5.6b), len 
vanh vdi su lam nhSn trude be mat bCn cua 16 bang chay hinh edn (hinh5.6c) t ten vanh co 
ung suat phap doc true d then diem ket thuc qua trinh bte'n dang (hinh5.6d), len vanh phoi 
hop co su tao hinh trude phin I6i cua vanh va dot 16 (hinh5.6e) ... 

Viec dat ap luc nen tai 6 bien dang co kha nang nang cao duoc tfnh deo cua vat Iteu 
phdi va do do nang cao duoc mtic do bte'n dang gidi han cho phep. Sir lam nhSn mep 16 bang 
chay hinh con trade khi ten vanh se Joai bo diroc cac vet nut te vi xuat hien trong qua trinh 
dot Id cOng nghe va dicu do cung co kha nang nang cao mtic do bien dang. 

Cac tac gia S. G. Yudovich va V. Ph. Piskop da dua ra phuong phap tao hinh bang 
each dot Id va len vanh trong mot khudn phdi hop. Dac diem cua khuon nay la viec dot 16 
duoc thuc hien bang chay ma khong co cd'i, mep sac cua chay se cat phan phoi da duqc vuot 
vao trong cd'i va sau do hoan chinh qua trinh ten vanh (hinh 5.60. 
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tao ra cac 6ng ntii ba chac (chir T) tir nhCrng ph6i 6ng hinh tru c6 kteh thirdc kh6ng 
16n (hinh 5.7b), irong san xu£i loat nho ngudi la thuang d^p trong khu6n c6 c6i ghcp vdi 
chky l£n vanh la nhung vien bi cAu duac day qua 16 c6ng ngh£ bai thanh chcm co chuy£n 
dOng tinh lien trong ph6i. Nhung khu6n l£n vanh c6 
ke'i cau phurc tap hem duac sir dung d6 ch£ tao cac chi 
ti£t 6ng no'i ba chac co thanh day va duang kinh Ion. 

Nhung vanh c6 during kinh d£n 500 mm tren 
nhung ong co ducmg kinh 16n va dai,co th£ nhan 
duoc bang phuang phap nong 16 tren cac m£y 
chuySn dung ki£u T30-T500 (Ph&n Lan), duac trang 
bj dung cu lien hap co lh£ quay va chuyen d6ng l£n 
xudng nhe nhang (hinh 5.8a). Khi dung cu di xu6ng, 
no se khoan 16 eftng ngh£ bai luai khoan s 6 2, khi d6 
cac chay nong 3 duac diSti chinh co lai bai mat cCn 
4 tr£n gia d6 1 (hinh 5.8b). $au khi ket thuc qua 
irinh khoan, giii da 1 dich chuyen v£ phia trong long 
6ng. Nha c6 su di£u chinh mat cOn 4. cik chay nong 
3 duac nhO ra vA dieu chinh d£ nong thanh vanh gd 
c6 duang kinh c«in ihiet. Sau d6 dung cu duac dich 
chuy&n dan l£n phia tren, cac chay nong tiep xuc vdi 
6ng va nong dan thanh vanh g6 (hinh 5.8c). Trong 
suot qua irinh nong, 6ng phOi cAn phai duac kep chat 
tren ban may. 




b) 


Hinh 5.7. Sa d6 nong vanh tren 
phOi ong hinh tru. 



Hinh 5.8. Sa d6 nong vanh tren 6ng ldrn bang dung cu chuyen dung. 


Thai gian de’ nong vanh co duang kinh 54 mm tr6n 6ng bang thep khoang 15 + 30 
giay, con vai duang kinh vanh 500 mm h£l khoang 10 20 phut. N£u duang kinh cua vanh 
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Idn hem 100 120 mm ihi 16 cPng nghe c6 th£ pfaay truce khi nong. 

Phuemg phdp cOng nghe m& chung ta vira khao s£t dirge phai minh tai Phan Lan va 
dugc goi la phueng phap “Khoan - T\ 

5.1.6. Len vanh co bien mong 

Dpi vet cac chi tke'i c6 yeu ciu chi6u cao cua vanh len. nguci ta c6 the tie‘n hanh len 
vanh c6 bien mong trong khuon co khe ha m6t phia giQa chay va c6i nho hen chieu day ban 
diu cua phPi (Z < S). Khi do sir tang chieu cao cua vanh la do six chu djnh giam chieu d<W 
cua phPi. Phixcng phap nay dirge goi la len v&nh co bitfn mong. 

Cac chi net nh&n dirge bang phircng phap len v&nh co bien mong thirbng dal dircc do 
chfnh xdc cao ve kich thirOc dirfrng kinh cua vanh (cap 8 - 10) va dP bOng be mat ben trong 
cua vanh cao (R a = 3.2 1,6). Ngo&i ra do hi bien dang deo nguOi, dp cirng cua v&nh cung 

tang len (30 - 40)^ so vdi do cung cua phOi. 

Len vanh co bifn mong thircng duoc tlurc hien bci cac chay hlnh cOn. Dau tien qua 
irinh len vanh khPng co bi£n mong dircc thirc hien, sau d6 khi ph3n hinh tru cua chay di sau 
\ko trong coi thi qud trinh len vanh c6 bien mong mdi xay ra (hinh 5.9). 

Muc dP bien dang khi ien vanh co bien mong dirge dac trirng bci hai chi lieu: 

- He $6 len vanh khOng bie’n mong: K| V = D/d () (trong do d 0 la duong kinh 16 cPng 
nghe; D la duong kinh vanh nhan dugc khPng bien mong); 

- He s6 bie'n mong \k ty so giura chieu day cua phoi ban diu vk chieu day cua vanh 
(sau khi bie'n mong): 
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Hinh 5.9. Sc dp len vanh co bien mong: 
a- giai doan dau; b- giai doan kct thiic. 



6 bicn dang deo khi len vanh co bicn mong bao g6m phan I trong gidi han cua qua 
tnnh len vanh kh6ng biffn mong va phan II la nai xay ra su bien mong cua vanh (hinh 5.9a). 
O phan I cua 6 bien dang deo co trang thai img suat phling con a*ph&n II co trang thai ting 
su£i khoi. 

Phan tfch trang thai urng su&'t bien dang cua 6 bien dang cho phep chung ta xac dinh 
duac dieu kien toi uu khi len vanh co bien mong. Tren co scf cua su ph&n tfch nay, sau khi 
don gian hoa mot so y€u to cho phep, chung ta co the nhan dugc cong ihuc de xac dinh goc 
nghieng toi uu duang sinh cua chay cdn: a, u . Khi do luc cong nghe la nho nh£t: 

r S ^ S 

cosa l u = 1 - 0,5.p. 2 - In- In— (5-10) 

V ) Sv 

trong do: S - chidu day phoi; 

S v - chieu day phdn vanh da bitfn mong. 

Khi p = 0,1 va S/S v = 0,5 thi a !ilf » 20°. 

Tu cong thufc (5-10) co thi suy ra rang: goc nghieng tdi uu cua dudng sinh chay se 
tang len neu mure do bien dang va he so ma sat ting. 

Luc bien dang can ihift de len vanh co bifn mong mot each g3n dung co the xac dinh 
bang tfch so giCra dien tfch mat cat ngang cua vanh voi ung suift chay trung binh tai 6 biC'n dang: 

Ptv = 7t-(Dbm- , - S bm>' C b ra ( 5 -H) 

Neu ap dung do thi hoa ben ham s6 mu va coi mure do bi£n dang tuang doi 
Y tb = (S - S bm )/2S thi gia tri cua ting suat chay trung binh se la: 

_ °b f s-s hm Ar-VK 

S(,b) 1 - Vk l 2 S\(/ k J 

trong do: i- dd co that trung binh khi keo mSu; 
a h - gidi han ben cua vat lieu; 

S, S bm - chieu day phoi va vanh da bien mong. 

Mot each chfnh xac han thi lire bien dang khi len vanh co the duac xac dinh bang tdng 
dai so cua cac luc ducrc tao ra bdi cac tfng suit keo a ph£n thanh cua vanh va luc ma sat sinh 
ra tren hi mat tiep xuc giua chay va chi tiet. 

Chieu cao 1cm nhat cua vanh H max khi ]£n vanh co bi6'n mong, tuy ihuoc vao do gian 
dai ty doi cua v&t lieu phdi, trang thai mep 16 cong nghe (giong nhu khi len vanh khong co 
bien mong) va d6 bien mong tuang doi cua vanh. Vdi mure do bien mong vugt qua gidri han 
cho phep (K| V = S/S btn ) co thi xay ra hifcn tuang dirt phan vanh ra khoi chi tieit, 

Neu bifct duqc gia tri cua K, v thi chieu cao ldn nhat cua vanh co th£ xac dinh tir dieu 
ki£n can bang the tfch giua phoi (co 16 cong nghe) va thi tfch chi tiet. 
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(5-12) 


trong do: d 0 - dircrng kinh 16 c6ng ngh6; 

D bm - ducrng kfnh trong cua vanh co bifid mong; 

K|vbm ■ b§ so len vanh c6 bien mong; 

S - chieu day ph6i ban dSu. 

Khi thiet lap phuong trinh can bang thd tfch, chung ta co the gia thiet rang phoi dugc 
chia thanh nhOng vung curng, vung deo bai b£ mat tru co dudng kfnh D va chieu cao S, con 
the tich cua nhung phan vanh 1 va 2 co cac dudng kmh D va D bm tuong ting bang nhau (hinh 
5,9b - mat cit ngang cua chung dirge to den). 

Su giam chi£u day thanh cho phep cua phan vanh dugc xac dinh tr£n c 0 so cac s 6 lieu 
thuc nghiem; doi vai vat lieu deo K| vbm = (2 1,66). Dirang kinh d 0 cua 16 cong nghe trong 

phOi (dam bao de nhan dugc phin vanh co chieu cao can thiet) dugc xac dinh theo cong thtic 
(5-5) gidng nhu khi len vanh khong bien mong, nhung can chu y ring: 


D = D bm - 2S.(I - l/K Wbm ) 

Dac diem ve ket cau cua khuOn len vanh co bie'n mong la nguai ta thuemg phai ghep 
cang ao c6i do ap luc huong kfnh cao trong c<5i. 


5.1.7. Vi du 

Chung ta khao sat mot vf du tfnh toan qua trinh cOng nghe de ch£ tao mot chi tiet nhu 
tren hinh 5.10. V4t lieu chi tifi la thep 20 co gicri han ben a b = 420 MPa va tror lire cat 
o c = 360 MPa. He so len vanh cho phep khi 16 cOng nghe gia cOng bang phuang phap dot la 
[K lv ] = 1,66 va phuang phap khoan la [K lv ] = 2,38. Qua trinh len vanh dugc thuc hien bang 
chay hinh tru co day phang. 

Bu&c 1\ Xac dinh chieu cao icm nhat cua vanh 


Theo cOng thtic (5-6) chieu cao Ion nhat cua vanh khi dot 16: 

L 50(l - 1/1,66)+ 2,4x2 + 0,9x9 

= —--Hr—--= 16,4 


Khi khoan 16 la: 


,30(1-1/238)^x2,0.9^9^^^, mm 


Vi h max < 30 mm (chieu cao vanh yeu cau) cho n6n chi co thi nhan dugc chi tiet bang 
phuang phap dap vuO't thanh hinh tru co vanh vtii duong kfnh phin hinh tru d = 50 mm, sau 
do dot 16 edng nghe va len vanh. 
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Hinh 5.10. Chi tiet sau khi l£n vanh 


Bu&c 2: Xac dinh cbi£u sau cua phAn hinh tru 

Theo cdng I hue (5-7) chi£u sAu phAn hinh tru dAp vu6t se la: 

h = 30 - 0,28 x — ] 6 ~- x 50 » 24,4 mm 

1.66 


Lay h = 25 mm, 


Bu&c 3: Xac dinh dtrcmg kfnh 16 c6ng nghO* khi K lv = 1,66 


dn = 


D-fS 50-1-2 


K 


|v 


1,66 


= 31.5 mm 


Lay do = 32 mm, khi do ban kfnh lucm 6 day va d vAnh (c6i) cua phAn h'inh tru se 1A: 

50-32 

r ch 


= 9mm 


Bu&c 4\ Xac dinh dtrcmg kfnh cua ph6i phAng 

Tir dieu kien cAn bAng di£n tich be mAt giOra ph6i va chi lift (hinh tru co vanh) ta co 
the xac dinh dirge dirfrng kfnh cua ph6i phAng theo c6ng thuc sau: 

D„ = JdI + 4(d + S)h - 3,44(r + l)(d + S) 

= VlOO 2 + 4 x (50 + 2) x 25 -3,44 x (9 + 0(50 + 2) = 116 mm 


DAy la m6i chi tiet hinh tru co vanh r6ng vi ty s 6 D v /D = 100/50 = 2 > 1.4 do vAy 
c6ng ngh£ dAp chi tiet bAn thAnh pham phai tuAn theo nguy£n tAc dAp vuft chi tiet hinh tru 
cd vanh rong. 


Bu&c 5: XAc dinh s6 nguyfcn c6ng dAp vuOt 

V6i .chifu day tirung dtfi cua ph6i (S/D) 100 = 1,72 va D v /D = 2 mire d6 dAp vu6t cho phep 
la [K| = 2,38. Theo s6 lieu tfah todn tren, mire d6 dAp vuot cua chi tiet ban lhanh phAm la: 


K = 


116 

(50-»-2) 


= 2,23 < [k] 
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Nhu vfly c6 th6 ket luau la chi tiei ban ihanh phim chi c4n d;\p vu6t sau mOl nguyfcn c6ng. 
Bade 6. Luc c6ng ngh£ 6 cac nguy£n c6ng 
Luc cat ph6i <}>116 x 2 vdi = 360 MPa: 

P at =1,2 x 3,14 x 0,116 x 0,002 x 360 = 0.315 MN = 315 kN 

Luc dap vudt: 

P Uv = 3,14 x 0,052 x 0,002 x (2.23 - 1) x 420 = 168,7 kN 
Luc ddi 16 c6ng nghe: 

P d0l = 1,2 x 3,14 x 0.032 x 0.002 x 360 = 86,8 kN 

Luc l£n vanh: 

p, v = 3,14 x 0,05 x 0.002 x 420 x (1 - 1/1,66) = 53 kN 

5.2. NGUYEN CONG TOP 

5.2.1. Trang thai Omg suat va bien dang 

Top lii mOt nguyen cOng nham lam giam liet dien ngang cua m<M doan phGi dng hoAc chi 
net hinh tru (sau khi dAp vu6t) 6i tao thanh chi ti£l dang chai. ao hoac co tiei dien ngang thay doi. 

Doi vdi phAi dAp vurtt hinh iru co day co th£ top 6 phan mieng ho lioAe 6 phAn day 
(hinh 5.11). 



Ifinh 5.11. Cac dang chi ti£t t6p. 


Trong san xuAt hAng loat Ion va hang khdi. top flnrong duoc thuc Inen trong nhung 
khuon chuv£n dung ma chi tidt lam vide chinh la c6i c6n. Tuy theo hinh dang v£u cAu cua 
chi net (cOn hoAc dang vom) nguoi la sir dung cac coi co b6 mat l&m viec v6i nhung hinh 
dang khac nhau cua duong sinh nhu: thing hoAc nghieng vdi true ddi xi'mg hoac la duong 
cong (hinh 5.12). 

Neu quA trinh top duoc thuc hi£n 6 trang thai lir do, kh6ng co chAn ph6i tu ben ngoai 
va b£n trong (hoAc chi tix ben ngoai) thi phAn bien dang d£o chi nAm trong c6i, phan con lai 
bi bi£'n dang dan h6i. 
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Nguyen cPng top c6 the tao ra nhurng chi titft dang bi dong hinh tru (trong s 6 nay c 6 ca 
nhung binh khi nen hinh cdu cua may bay); cac dang Png nPi khac nhau; cac loai vo dan 
v.v... (hinh 5.12). 



Hinh 5A2. So d6 cac dang chi tiet nhan duac bang nguyfcn cPng top. 

Ngoai ra nguvCn cdng top phtfi hap vpi cac nguycn cPng khac trong dap t£m (chang 
han nlur gtan rpng) con co th<? tao ra dupe nhung chi net khac nhau id phOi Png h&n nhu: cac 
loai vong each cua 6 lan, cac chi tiet v&nh butth \e cua cic may nOng nghiep... 

Mac do bien dang khi top duac ddnh gia bang he s 6 lop. Hfc s 6 t6p K„, p la ty s 6 giua 
dtrang ki'nli cua phOi va dufrng kinh cua phin phPi bj biPn dang (theo dudng kinh trung binh): 

K,* P = DM 

trong do: D - eluding kinh phOi; 
d - dufrng kinh lop. 

Kin top. be mat ben trong cua 6 biPn dang khOng co tai trong (hinh 5.13a), con ung 
suit phap <r n (duoc truyCn qua cPi tac dung vao mat ngoii cua phdi) ihi nho so vpi ung suit 
chav a s vai nhung phPi cP chilu day th&nh tuong dpi mong V] vfly co the' coi ring trang 
thai ung suit khi top la trang thai ung suit phang bao g6m 2 thanh phin ung suit nen khong 
dcu a,-, va Co (hinh 5.13a). 

Khi top (rang thai bien dang tai 6 bi£n dang cung khPng d6ng nhftt, no thay dPi tuy 
thuOc vao ty s6 cua cac urng suit phdp chinh o p va c% So d6 cua trang thii biPn dang khi (Pp 
6 nhQng phin khac nhau cua phPi dupe chi ra trtn hinh 5.13a. Giua cac ung suit phap va 
bien dang co quan hp duoc xac djnh boi cOng thuc sau: 

= (Op + ^(,)Eu/(o 0 + 2o u ) (5-13) 

Cong thuc nay se duoc sir dung d£ tmh loan cPng ngh£. Sir dung c6ng thuc nay chung 
ta co the xac dinh duac chiSu day cua thdnh chi tiet tai m£p 16 (mifcng chi tiet). Vi lai mep 16 
o p = 0 nen: 
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e n = -e o/2 


(5-13a) 


Vi e n va eo co d£u ngirgc nhau v& eo dac trimg cho bidn dang nen n6n ro rang z n 
dirge coi la bie'n dang keo. N£u bifcu thj e n vh Zq dtreri dang ham so cua cac kich Chirac luang 
Lmg ciia phOi tOp la co: 


eo = ln(d/D) v£ e n = ln(S K /S) 

Thay cac gia iri cua s n va eo vao (5- 13a) ta c6: 

. S K I. D 
\n-zr = - In — 

S 2 d 

Tit do la c6 chieu day thanh b mep 16: 

s k =s^ = sJk 


lop 


(5-14) 


Tix cOng thurc (5-14) chiing la c6 th£’ suy ra ring: chieu day lhanh chi tiet 6 mep 16 cua 
phin phOi bj bien dang se Ion hon chi£u day lhanh cua phoi ban diu, va khi h& s6 lop K, 4ip 
cang Ion thi chi£u day S K se cang Ion. don gian, chung la c6 ih£ coi chidu day thanh tai 6 
bien dang thay d6i mOl each tuye'n linh* khi do chi£u day m&nh trung binh cua no se la: 


, (S + S K ) S + S/K lop 

,b ~ 2 " 2 



(5-15) 



a) b) 


&d t 

2 

I_ d _ 



Uinh 5.13: 

a- so d6 irang thii irng su£t-bi6n dang khi tc3p; 
b- bie’u d6 phan bO urng suit tai 6 bi6n dang; 
c- so do i6p khi ban kinh I iron cua edi nho. 
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LTnh vuc su dung cua c6ng thuc (5-14) bi han ch£ vi khi mure do bien dang 16n 
(K U)p > 2) thl ket qua tmh toan theo cong thuc nay se c6 gia tri S K qua 16n, con khi dudng 
kinh 16 d dan tori 0 (d - 0) thi S K se tang d€fn v6 cung. S6 dT nhu vay la vi khi dua ra cong 
thirc (5-14) chung ta da dan gian hoa ve su ton tai cua s a 66 trang thai urng suat don 6 mep 
phoi (a p = a n = 0). 

Khi muc do bitfn dang lan va ch'i&u day tucmg d6i cua ph6i lan (S/D > 0,1) thi lirng suat 
phap chinh a n tac dung thco hudng vuOng goc vai dudng sinh cua no co the quy u6c tra 
thanh urng suat Oy tai viing gan mep phoi va 6'\6u do co anh hudng den dac 6'iiru cua su thay 
d6i chi ivt day thanh tai 6 bien dang. Chieu day thanh cue dai duac tao ra kh6ng phai 6 mep 
phoi ma 6 each mep ph6i mot chut. Khi d/2 = S.cosa philn mep cua phoi da duac top se tiep 
xuc v6i nhau va thuc te khong con 16 tren do, chi£u day thanh 6 mep 16 co th^ xac dinh m6t 
each g3n dung theo c6ng thuc: 


S K =S 


D 


2.e.S.cosa 


(5-16) 


trong do: e - ca so logarit tu nhien. 

Tmh toan theo c6ng thuc (5-16) cho ta ket qua nho hon so v6i cong thirc (5-14) nhan 
duac doi vdi sa do trang thai ling suat dan. 

LJng suat kinh tuyen lan nh&t tai 6 bien dang deo: a ptmx duqc xac dinh bang phuang 
phap giai ket hap cac phuang trinh can b&ng va phuang trinh deo cua phoi vai nhung dieu 
kien bien da cho ma theo di£u kien nay tai mep phoi a pmax = 0. Ap dung cho qua trinh top 
trong c6'i hinh con, co tmh den su hoa ben (khi su dung do thi hoa ben ham s6 mu); luc ma 
sat; su bien day 6 phan mep phoi; su uon va ep no vao trong coi; ting su&t a pmax co dang: 

CTp max = l.l.Ob/2 Vk k #<1_ ' 1 ' k) .(1 -d/D) wl_ V.(l +fjcotga)-(l+ JoJd )-(3-2cosa) (5-L7) 


Can chu y ring: sau khi top khong co chan phoi tir da so nhung vat lieu duac sir dung 
trong che' tao may, duftng kinh cua ph6i thudng giam tir 20 ^50%, khi ty so D/d = 1,25 2. 

Neil lay gia tri trung binh D/d ~ 1,54 thi he so 6i tlnh chieu day trung binh cua thanh 
theo cong thtic (5-15) se la: 

0.5(l + = 0.5(1 + >/U54 )= 1.12 

S tb = 1.12S 

Thay vao cong thirc (5-17) ky hi6u K l( ' >p = D/d va (1 + % /K l6p )/2 = 1,12 ta co: 

1,23a 


pma* 


H'K 


1 - 


■ V 


K 


lop ) 


M'K 


(1 + jacotga) (3 - 2cosa) 


(5-17a) 


Phan tfch c6ng thuc (5-17a) c6 the thay rang ting su&'t nen kinh tuyen 1cm nhit tai 6 
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bien dang deo se tang lbn khi tang mure db bien dang; (i|/ - 1 - 1/K t( ' ip ); h£ s 6 ma sat p va 
cudng db hoa b6n cua vat lieu ph6i (dac trung boi trj so vj/ K ). Bibu d6 phan bo' ung su&'t duac 
bibu dibn tren hinh (5-13b). Nghien curu cong thtic (5- 17a) vi cue tri sau mbt sd bien dbi co 
the xac dinh rang: goc nghibng dudng sinh cua edi top co gia tri tdi uu khi irng sudt kinh 
tuydn la nho nhdt. Goc tdi uu nay duac xac dinh theo cbng thirc: 


sina 


itfi uu 



(5-18) 


Theo cong thirc (5-18) khi p = 0,1 thi a t ^ JLJ = 21°36’ cbn khi p = 0,05 thi a lrtilILJ = 17°. 

Khi top trong edi hinh cbn co 16 tru a giua tarn thi phdn mep cua phbi khi chuybn tir 
mat cbn vao hi mat hinh tru se bi udn va sau do do chui qua hi mat nay se lai co b& mat 
hinh tru, tire la \in luot xay ra qua trinh udn va nan phan mep cua phbi duai tac dung cua mb 
men udn. 

Ban kinh liran mep lam viec cua edi r c co anh hudng den do chinh xac duang kinh cua 
phdn phbi duac top (hinh 5.13c). So di nhu vay la do ban kinh udn tu nhibn (phan mep cua 
phbi) r p co mot tri so hoan toan xac dinh, tuy thuoc vac chieu day va duang kinh cua phbi, 
cung nhu phu thubc vao goc nghieng cua cot. Ban kinh udn tu nhibn cua mep phbi, co thb 
xac dinh mbt each g£n dung theo cbng thuc: 

r p ry ■ 

F 2 sin a 


Ndu ban kinh lupn cua coi r c < r p thi cac ph£n tir cua phbi dich chuy^n tir phdn hinh 
cbn cua 6 bidn dang de tao thanh phan hinh tru se khong tiep xuc voi edi va dudng kinh cua 
ph3n hinh tru se giam di so vbi dubng kinh cua edi (d ~ d c - Ad) (hinh 5.13c). C6n neu 
r c > r p thi se khong co hien tuang trbn va dudng kinh cua ph&n hinh tru cua chi tidt top 
tuang ung vdi dubng kinh 16 lam vibe cua edi. Do do ban kinh luon mep lam vibe cua coi r c 
cln phai dam bao khbng nho hon r p : 


r 

c 2 sin a 


(5-19) 


Ndu dieu kibn (5-19) vi mbt ly do nao do (chang ban vi ly do ket cau) ma khbng th^ 
thuc hibn duac, thi dubng kinh cua 16 edi edn phai tang lbn, khi do Ad duac xac dinh theo 
cbng thtfc: 


Ad = 


'Vds 

sina 


-2r c - S 


(1 - cosa) 


(5-20) 


5.2.2. Li/c va cong bien dang 

Luc top co the xac dinh mbt each gdn dung bang tich sd gifla dibn tich tidt dibn ngang 
cua phbi vdi gicri han ben cua vat libu; 


P t6p = 7t.D.S.a b 


(5-21) 
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Cong thuc (5-21) di xac dinh mdt each gdn dung vdi ket qua ldn han lire top thuc te 
de co the chon may ep theo lire. 

Luc top co the xac dinh mdt each chfnh xac han bang tich s 6 giua urng suat cue dai tai 
6 bien dang, tac dung theo hudng true, vdi dien tich tiet didn ngang cua pbdi va vdi hd s 6 K. 


p [6p= K.Tt.D.S.Gp (5-22) 

Khi top trong edi hinh c6n theo s a dd hinh 5.12a de xac djnh luc top, ngudi la thudng 
su dung edng thuc (5-22). Khi top theo so do 5.12b, chi tiet top co mOt doan hinh tru, luc 
top cung duqc tmh theo edng thurc (5-22), chi khac la irng sudt a praax c3n phai bd sung s 6 
hang VS/d .sin a tfnh den su anh hudng cua cac urng sudt phu do su uon va ndn phSn mep 


cua phdi khi ra khdi 6 bidn dang hinh con gay ra. Trong trudng hop nay cong thuc de xac 
dinh luc top co dang. 


p , 

1 top 


3,7DSa b 


Vk 


■VK 


K t(>p j 


(l + pcotga) + J— sin a 


(3 -2 cos a) (5-23) 


Uu diem cua cong thtic (5-22) va (5-23) so vdi edng thirc (5-21) la chung cho phep 
xac dinh dac diem va mure dd anh hudng cua cac y£u to den luc top. 

Trong qua trlnh top luc bidn dang ludn thay d6i. 6 giai doan diu luc tdp tang nhanh 
cho ddn khi phan mep cua phdi chui vao phdn hinh tru ciia coi co dudng kinh d, sau do 6 
giai doan on dinh luc tdp h£u nhu khdng thay doi cho ddn khi kdt thuc qua trinh. Do do edng 
bien dang co the coi nhu bang tong cua hai sd hang: cong A] tieu hao 6 giai doan bidn dang 
ph&n hinh c6n cua chi tidt va edng A 2 tieu hao d giai doan sau qua trinh: 

A = A ; + A 2 . 

Cong bidn dang, dudi dang tdng quat co the duoc xac dinh theo edng thurc. 

H H 

A! = Jp x dh = KtiDS Ja pmax dh (5-24) 

0 0 

trong do: P x - luc bidn dang tai thori di^m dang xet; 
dh - hanh trinh phan to cua edi top; 

H - hanh trinh cua edi edn thidt de nh£n duac phdn hinh edn cua chi tidt tdp; 

K - he so. 


Ndu gia sir khi tdp su tang day cua phdn thanh (K t6p = 2 - 5 - 1,54) se lam tang umg sudt 
nen hudng kinh trung binh 15%, thi edng thuc dd xac dinh o pmax khdng tmh ddn su hoa ben 
co dang: 


pmax 


= l,15Ka s 1-- (l + pcotgaX3-2cosa) 

D 


(5-25) 
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Tir di£u ki6n c&n hang dicn rich bi mai giOa phOi va chi ii£t chung la c6 th£ nhSn duoc: 

d x = J D(D - 4H sin a) (5-26) 


PhOi hap cdc bi£u ihuc (5-24); (5-25) va (5-26) sau khi Id'y tich phan cluing la nhdn 
duoc c6ng thuc do’ xac dinh cong bi£n dang: 


A, = K7iDSa s (l + jacotga) (3 - 2cosa) H 


1 - 


Dv^D - yf(D -4Hsina)' | 
6 >/D sin a 


(5-27) 


COng ihurc (5-27) cho phcp xac dinh cOng bicn dang thco hanh irinh cua cOi va x£y 
dung quan he P = fP(H). 

N£u gia thi£'t ring: lire t6p 6 giai doan ddu cua qua irinh lhay dOi tuyen tinh con a giai 
doan On dinh thi hdu nhu khOng dOi, khi do cOng tOng cOng de’ bitfn dang se la: 

A = A,+A 2 - 0,5 P.H k + P.h = P.(0,5H k + h) (5-28) 

trong do: 1-1 K - chi£u cao phdn hinh con cua chi tiet; 

h - chi£u cao phfin hinh tru khi t6p (during kfnl d). 

Tfnh loin theo cOng thuc (5-27) va (5-28) khi xic dinh A, se cho sir sai Ifich 10 -s- I59r. 


5.2.3. He so top cho phep 


Qua irinh lop duoc thuc hi£n trong di£u kien su nin khOng dSu theo hudng true va 
hudng ti£p tuyen. Vdi mOt gid tri tdi han nhdt dinh cua cac ting suit nen o p va Go thuang 

xay ra sir mil On dinh cue bo phOi (bj phinh ra); bi mong hodc da so truring hop bi nhdn. 

S 

Thuc nghifcm da xac dinh duoc rang: vdi chieu day tuang doi cua lhanh —100 > 2 -s- 3 


thudng tao thanh ede nep gdp ngang (ede v6ng g&n) tai chO chuyfcn lidp giua phdn iru va 

S 

phdn cOn (hinh 5.14a) hoac a be mat lira cua no (hinh 5.14b). Khi 4-100 < 2 ■*- 3 thuang xay 



Hinh 5.14. Cac dang mil On djnh cue bO phOi. 
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ra nhung v£i nhan doc theo dudng sinh tai vung bidn dang deo (hlnh 5.14c). Khi top phoi co 
day va bi han chef a mat ngoai hinh tru cua day thi phan day cua no bid'n dang deo va chay 
ngugc ve phia c6i top (hlnh 5.14d). VI vay, muc do bidn dang tdi ban khi top va ca tri so cua 
he so top gidfi han deu dugc xac djnh bdi sir mat 6n dinh cue bd cua phoi. 

HS s6 top gidi han co the xac dinh mOt each gSn dung theo ly thuydt tir dieu kien 6n 
dinh cua phoi, tire la khi do: 


°pmax — Grrti han 


(5-29) 


trong do: o m - urng suat tdi han la tri so ung su£t gay ra su m£t dn dinh phoi. 
Tir phuong trinh (5-17a) ta co: 


1 , 230 | 

VK 


I- 


1 


K 


Vk Vk 


lop J 


’ k l'K 


(l + H cot gaX3 - 2 cos a) < a u , ihan (5-30) 


Giai phirong trinh tren ddi vdi K,* p va ket hop vdi dieu kien (5-29) chung ta se nhan 
dugc he so top toi ban: 

1 


^ rupt-h 



(5-31) 


cr b (l + ^cotgctX3-2 cos a) 


Mdt each chmh xac han, n£u tfnh den su anh hudng cua chieu day tuang doi cua phdi, 
ting suat tori han: h;in co thi xac dinh tren ca sd ly thuyet ve su dn djnh ap dung cho qua 

trinh nen nhChig ong mong va ngan sau gidi han cua bien dang dan h6i: 

^i hl . n =^Ec| (5-32) 

trong do: E c - modun cat tuyen co tri s6 bang tang cua goc nghidng dudng thang n6i tu goc 
toa do den di£m nam tren do thi keo trong he true toa do “g-5”. 

Neu biel dugc gia trj ciia E c chung ta co thi xac djnh dugc gia tri tori han tuang ting 
cua S/D doi vdi mdt loat cac diem dugc lay tuy y tren do thi “a-5” va sau do tir cong thfic 
(5-32) chung ta co the xay dung dugc dudng cong quan he giura a, ( < Tih ^ n va S/D. 

Nghien curu cong thuc (5-31) vho phep chung ta xac dinh dugc nhung dac trung su anh 
hirdng ciia cac yeu to ca ban den gia tri cua hd so top gidi han: K l<ipgh . Khi tang chidu day 
tuang doi cua phdi, gia trj cua K t6pgh cung tang len. Con khi tang do co that ty d6i khi keo 
\\i K (dac trung cho cudng dd hoa ben vat lidu); tang gidi han a b ^ n va hd sd ma sat tiep xtic p, 
gia tri cua K t< bi giam di. 

Su khdng ddng d£u ve tfnh chat ca hoc cua phdi theo hudng true do sir hoa bdn khdng 
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d6u t co anh huang den muc dO nen cho phep. Su khdng d6ng d&u nay thudng c6 6 nhurng 
ph6i duoc dap vu6t nguOi. Tro lire bi£'n dang tai vung top cang nho va ung suit tori han tai 
vung phinh ra cang 10n thi bi£n dang giai han cho phep cang 1cm. Vi vky kill ch£ tao cac chi 
titft 6ng ntfi bang thep va d6ng thau, ngucri ta phai dir tinh truoc nguyOn c6ng u phSn mieng 
16, lam cho phan mep 16 cua chi tiet bi mem di va gi6i han bien dang tang len. 

Uhg sukt tai han a lh c6 the dirge xkc dinh iheo c6ng ihurc thuc nghiem sau: 

^th = <P(lml,nh^T (5*33) 

trong do: (p,s n a«nh - he s 6 an loan da 6n dinh; 

a T - giai han chav cua vat lieu ph6i. 

De xac dinh he s 6 an loan 6n dinh, ngiroi ta sir dung nhCmg s 6 lieu thirc nghiem. khi 
top trong c6i hinh cOn d6i v6i phOi tuong d6i ngkn (co chidu cao bang 1,5 + 2 lan duang 
klnh) cho de'n khi xukt hkn su phinh ra cua phai. C6 the xac dinh dirge rang he s6 6n dinh 
<pMmh hi giam di khi tang duang kmh tuang d6i ciia phai (D/S) vk g6c nghifcng a cua c6i 
(hinh 5.15). Khi D/S = 20 vk 2a = 30° thi he so 6n dinh doi vdi phai thep gkn bang 1 vk do 
do — Gj. 


uanA^T 



Hinh 5.15. Sir phu thu6c cua he s 6 6n dinh <p^ n jj n |, vko 
dircrng kinh tuang doi cua phai D/S. 


N£u tinh d£n c6ng thirc (5-33) va coi iy K — = 1 -e n thi c6ng thuc dd xkc dinh 

1 + 8 k 


he stf top giai han se la: 


^ uSpgh ^ • i ^ 


o b (l + (.i coi g«X3-2cosa) 


(5-34) 
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Khi tfnh loin theo cdng tht'rc (5-34) c6 th 6 th£y rang: vdi ct t = 300 MPa; a b = 400 
MPa; a = 15°; = 0,25; n = ln(l + 0,25) = 0,223; yi = 0,1 v& (p^ndinh - thl h£ sd top gidi 

han se la K,^ pgh = 1.49; tri sd n£y nho hon 10 + 15% so vdi so lieu thuc nghi£m. 

Nhuoc diem cua cdng thtic (5-34) la no khong tfnh den sir anh hudng cua dudng kinh 
tucmg ddi cua ph6i D/S den K uip . Sir anh hudng nav duqc tfnh mdt each gian ti£p thdng qua 
h£ s6 (p^najnh do *6 On dinh phu thuQc vko dudng kinh tuong ddi D/S. Tuy nhien quan he 
giua (Prtmijnh D/S dirdi dang mot ham so la khong xac dinh diroc. 


He sd top tfnh loan gidi han nghia la vdi gia tri cua he sd dd, khi top phdi se khdng cd 
khuydt tat cue bo nao va su sai lech v£ kich thude danh nghia nam trong gidi han cho phep. 
De co sir an loan chdc chdn cho do 6n djnh cua ph6i, cd tfnh d£n nhirng khuytft tat cua phdi 
thuc t£ (nhung v£t lorn, su khdng deu chidu day thanh, dd 6 van cua ti£t di£n ngang v.v...) 
ihl g\& trj tmh loan cua K, <ipgh c5n phai giam di tu 10 * 15%; nghia la: 


t^iopghl 



1,1 +1,15 


(5-35) 


H6 sd tdp gidi han cho phep co the xac dinh bang phuong phap tfnh loan nhu tren 
hose cd th£ xac dinh tren co sd cac sd lieu thuc nghiem. Trong cac ih lieu ky thu&t chuy&ft 
nganh thudng co cac being va dd thi de xac dinh he s 6 tdp gidi han cho phep dudi dang ham 
sd c&c yeu td co ban cd anh hudng d£n gia tri cua no. 



Hinh 5.16: a- Cac lai d phSn mep cua phOi tdp; 

b- So dd x£c dinh kfch thude phdi tdp. 
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HS so top gidi han cung nhu dd chfnh xac kfch thudc cua chi tiet top phu thudc vao 
tmh di hudng cua vat lidu phdi. Khi tang he s 6 di hudng thong thudng R* thi he so top gioi 
han K top g h cung tang ldn, bo*i v] khi do tro Iuc bien dang cua pMn thanh phdi cung tang len 
do sir bien day va phinh ra cua phdi. Do tinh di hudng phdng nen khi top (cung giong nhu 
khi dap vu6t) thudng tao ra nhfrng “tai” 0 phan mep cua phdi top, do vay can phai tien hanh 
cat mep sau khi top de cat bo phdn mep khong deu cua chi tidt. Dieu do lam tang phe lieu 
kirn loai (hinh 5.16a). Tinh di hudng con g£y ra su khong d6ng deu ve chieu day giura phan 
dinh va ph3n chan cua ' 4 tai”; do dvan cira phan tru cung nhu gay ra su khong dong deu ve 
kha nang chong lai tac dong cua mdi trucrng ben ngoai tori vat lifcu phoi (chang han nhu su 
oxi hoa). De nhan duoc mure dd bien dang cao khi top va tranh nhung khuyd't tat tren 
thi he so di hudng thdng thudng R* theo hudng doc cua phdi can phai ion bon he so di 
hudng theo hudng vong (tiep tuyen) cua no va tri so cua he sd di hudng can phai Idn her. 1. 


5.2.4. Kich thirdc cua phoi top 


Dc* xac djnh kich thudc cua phoi top, chung ta co th^ dua vao dieu kien the tich khong 
doi dc xac dinh chieu dai L cua phdi, con dudng kmh va chieu day cua thanh phoi duoc lay 
b\ng dudng kmh va chieu day thanh cua phan chi ti£t khdng bi top D va S (hinh 5.16b). 

PhSn hinh con va phdn hinh tru cua chi tiet sau khi top co su tang day phan thanh. Neu 
chiing ta coi chieu day thanh phdn hinh edn thay d6i tir S den S K theo quy luat tuyd'n tinh, 
con chieu day S K tuong umg duoc tinh theo edng thurc (5-14) thi cong there de xac dinh chieu 
dai phdi L nhu sau: 


❖ Khi top theo hinh 5.12a phan mep phdi khong vao het ph£n edn cua coi: 


a 


_ , d + D-2r(l-cosa)f D-d 

L = / 0 +-i---rtg — 

4D 2 sin a 2 


1 + 


Ttra 


(5-36) 


❖ Khi top theo so d6 6 hinh 5.12b, phan mep phdi qua h£t phdn con cua edi va tao 
thanh phan hinh tru co dudng kmh d: 


L=/ o + 


1 + 


D 


1+J- 
d 


D-d „ a 

-2 rtg — 

2 sin a 2 


+ ^ (5-37) 
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Khi dua ra cac edng thirc (5-36) va (5-37) chiing ta da coi cac ban kmh udn r cua phf 
khi vao va ra khoi phan edn cua coi la bang nhau va co gia tri duoc tmh theo cong thiic (5-1 ). 


5.2.5. Cac dac diem ket cau cua khuon 

Ket ca'u cua khudn top co th^ thay doi tuy theo muc dd ydu c£u cua qua trinh bid'n 
dang. Neu mure do bien dang gSn tori gia tri gidi han thi co the xay ra su nv"\ on dinh cue bd 
dudi dang n£p gap 6 bt mat tura cua phdi. Trong trudng hop nay cin phai su dung khudn nira 
km, co phan tu doi ap truy£n vao ph£n hinh tru cua phdi boi mot bao cd dinh duoc kep chat 
vao tit' dudi cua khudn. 
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Vtfi iru/c do ncn Idn, kin d6 he s 6 top ldn han giai han cho phep, ngirai ta c6 th£ sir 
dung kOt cdu khu6n kin c 6 bac truat d£ tao ra dOi ap tren loan b6 chieu cao ciia phoi. Vifcc 
sir dung kXc&u khuOn nhir vdy se loai tru dugc kha nang tao thanh nhung nOp gap (nh&n) 6 
b£ m&t lira, Sb do kft c&'u khuon dugc chi ra tren hinh 5.17. Khi top cdc phOi co chieu day 
tuang dOi ciia thanh S/D > 0,3 trong khuon kin. thi co thd nhan dirge mure d6 bien dang den 
70 + 80%. 

Ban thanh pha’m dugc die tao bang phtrang phap top tir phoi ong thep co chilli day 
tuang dOi S/D = 0.12 sau mol nguyen cOng trong khuon kin nhu da chi ra tr£n hinh 5.16a. 

Chung ta da khao sdt qua trinh top trong 
cOi hinh cOn. NOu phai chO tao nhung chi tiet co 
dang vom cong (nhu tren hmh 5.12c. d) thi qua 
trinh t6p edn phai thuc hnin trong co'i co duefng 
sinh cong vefi d6 cong thav doi. Qua trinh top 
trong ede edi cong cung da duoc nghien cuu khii 
d£y du. cac cong (hire tfnh toan dd xac dinh ede 
thOng s 6 cOng nghe dugc dua ra trong cac tai lieu 
khoa hoc va ky thuat khac ma chung ta kliong 
dua ra 6 ddv. 

Ngodi qua trinh top theo htrong true phoi 
(top doc true) ngirai la con su dung qua trinh top 
ngang d£ tao thanh cac Ong co tiet dien thay dOi 
(hinh 5.12 cj. Qua trinh top nay thuang dugc thuc 
hien bang xung lire ciia tir truOng. 

5.3. NGIYKN CONG GIAN RONG (NONG) 

Gian rOng la mot nguyen cOng nhim lam 
tang kieh thuOc net dien ngang ciia mOt doan phoi rOng hinh tru (hinh 5.18). 

Trong qua trinh gian rang xay ra sir giam chieu day lhanh va do dai duang sinh ciia 
ph6i lai vimg biOn dang deo la viing c6 su tdng kfch thuOc ngang. 

5.3.1. Trang thai ting suat va bien dang 

Trong qua trinh gian rong lai 6 bien dang se xuat hifcn nhfmg ung suat keo tiOp tuy£n 
vd ung sudt ndi huong kinh. Trong san xuat hang loai ldn va hang khoi. nguy£n cOng gian 
rOng dugc Ihuc hien trong nhung khuon chuyOn diing, bO phdn lam viOc chu ytfu la mOt chay 
cung co sir tang ddn kich thutic rid di£n ngang. Chay de’ gian rong se dugc ep v&o trong phOi 
Id nlurng doan Ong hoclc hinh tru co ddy sau khi dap vuot hodc la nliurng vong Ong han nhdm 
lam bien dang deo m6t doan phoi de nhdn dugc chi net c6 tiei dien ngang thay dOi nhu Ong 
ndi (hinh 5.18). 



Hinh 5.17. Ket c2iu khuOn kin d6 top: 
1- dO tr^n; 2- cOi t6p; 3* dmh vj phoi; 
4- bulong lira; 5- iruc lira; 6- lo xo; 
7- bac trugt; 8- de duOi. 
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Hinh 5.18. Cac chi tiet dupe chi tao bang phuong phAp gian rpng. 

Sir thav ddi hlnh dang cua phoi dupe danh gia bang he s 6 gian rpng: La ty s6 giua 
duang kmh lan nhal cua phdn bi bien dang Dj. va dtrang kmh phoi ban ddu D (l : 

rfing Dy/D<). 

Gian rong la mpt nguyen cOng dupe sir dung d£ che tao nhieu Ioai chi ti£t khac nhau 
cb litft dicn ngang thay d<5i. Phoi hop vai nguyen c6ng top con co thi che tao dirac cac vong 
each cua 6 lan lir nhung ph6i Png thep han, cac vanh banli xe cua cac may nbng nghiftp va 
nhi£u Ioai chi lid't vo khac nhau v.v... 

DC thiy diroc iru diem vice sir dung cac nguyen eftng top va gian ipng chung ta hay 
khao sal mpt vf du dupe chi ra trCn hinh 5.19. Do la hai phirang in dAp vanh banh xe cua 
may nong nghiCp. M6t phirang an diroc dap vufif tir phbi pining hinh iron, mPt phuong dn 
dirge top va gian rong lir vanh phoi han. Phuong an l6p va gian rpng ro rang liCt kiim dupe 
nhiiu kirn Ioai va dem hai hiSu qua kinh tC cao han. 

Khi gian rpng. viing bien dang deo bao triim phdn phoi co tiPt dien ngang thay doi. 
Phan hinh Iru cua no hi bien dang dan hdi. Phdn ben ngoai cua phOi khong chiu tile dung cua 
ngoai luc. c6n ap Inc riCng dupe truyen qua chhy vio phdn bin trong ciia phoi thi nho hon so 
vai irng suit chav khi chiSu day tirang dpi cua thanh phoi nho. Vi vAy c6 the coi trang thai 
t'rng suit khi gian rong cung giO'ng nlur khi lop la trang thai irng suit phAng bao g6m cic irng 
suit nen theo huang true va thco huong ticp tuyin a p va ao (hinh 5.20a). Trang thai bien 
dang khi gian rpng khOng giOng nhau trong viing bien dang. 

CGng giPng nlur khi top, trang thdi bien dang khi gian rpng se thay d6i tuy ihupc vao 
ty s0‘ cua cac thanh phan ling suAi a p va oq. Tai didm co ling suit o p va bdng nhau v<5 gia 
tri uiypt d6i. chiiu day cua phOi trong qua trinh bien dang se khOng thay ddi va trang thai 
bien dang la phAng. 0 nhung phdn cPn hai ciia phoi trang thai biPn dang la khPi: d nhung ch6 
co I a p ! > I g u | xay ra sir biin day phdn thanh con I a p I < I ao I thi phdn thanh hi bien mong. 
Viing co su bien day phin thanh nho hon so vbi viing bi bien mong. Vi thi mpt edeh gin 
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dung co the cot tai 6 bifn dang khi gian rdng phSn th&nh phOi chi c6 bi bitfn mong. Chi£u 
day nho nhA't cua phoi sail khi gian r6ng la tai phdn mep tr£n cting cua chi ti£t va dupe xac 
dinh theo cOng thuc: 


s, = s l^ = 


\ D . J K K ,a 


(5-38) 


gift im mg 


Tu cong thuc (5-38) co the thdy rang sir bien mong thanh tai mip ph6i se cang Ion ntfu 
nhu he s 6 gian rong K glin rf)ni . cang 1dm. 



Hi till 5,19. C*Sc phircmg an ch£* tao vanh banh xe 


223 























IJlnh 5.20. Set d6 irang thai irng suat va bie'n dang 
khi gian rong (a) va bi£u d6 irng sutft (b). 

Sir phan bo irng sua'l o p va ao tai 6 bie'n clang deo co [hi xac ctinh bang phirang phap 
kel hap giai cac phirang trinh can bang va phifdng irinh deo cua phoi vai viec sir dung mOi 
s 6 cac gia thiel. C6ng thtre de xac dinh ung suftt nen hu6ng kinh co dang sau: 

M 


=- P°s 


1 + 


tget 

» > 


1 - 


2p 


1 «« 


(5-39) 


irong do: 

p - ban kinh mat cal ngarig cua ph6i irong viing bi£n dang deo tai thcri die’m dang xei. 
Khi p = D tl /2 ihi irng su«ft nen hiring kfnh dal giii tri cue dai: 


pmax 


-pa ; 


I + 


iga 


D« •** 

v D J 


(5-40) 


N£u s 6 hang thu hai 1 - 


Do 

v D ,, 


JL 

Iga 


duac khai irifi'n lhanh chu6i hai 15n (lan d&u khai 


iri6n lhanh ham s 6 mu va sau do khai irifcn lhanh ham s6 logarii) v& iinh den su tang cua irng 
suAt hudng kinh do phoi hi uon khi vao phan c6n cun chav bang s6 hang (3 - 2cosa). sau 
khi bi£n ddi la c6: 
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CW =-P°: 


— + l f^ 

tga \ D„ 


-1 


(3-2 cos a) 


(5-40a) 


Neu u'nh de'n sir bi£h mong lhanh irung blnh tai 6 bitfn dang bang each dira vao trong 

* [jy \ 

1 + J va coi ting sua't chay trung hinh 


cong thurc (5-40a) mot thira s 6 0,5 


( D, ^ 

a sub) =0,5cr b 1 + —p luang ung vai mure do bien dang irung binh, cung vtfi viec su dung 


D 




d6 thi hod ben loai 1, ihl cOng thurc (5-40a) co dang sau: 


= -0,25.P-CT b 


V D ?> ; 


4 - 1 

l J 


D, 




(3-2,cosa) (5-41) 


Cong tlurc (5-41) dirqe dp dung cho iruang hap khi dufrng kinh lan nhat cua phan bi bien 
dang cua ph6i khOng vugt qua duong kihb phan hinh tru cua chay (D^. < D ch ) (hinh 5.20a). 

N£u nhu khi gian rOng phoi co sir dich chuyCn doc theo phdn hinh tru cua chay thi khi 
xac dinh a pma * cin phai bO sung vao mcM luang tang ung sua't huerng kmh do co mOi phSn 
phOi bi u6n va phdn mep ph6i bi nin ihdng. 


Neu u'nh den nhfrng yen to do va sau khi dan gian ta co: 


a pmux =-0.25.0 s 


"d ) 
—S.+ 1 

[[*-,] 

U-*.] 

, nr. 

+ 2 —- sina 

x 1 

f 

1 - 

1 D„ ' 

D ll , 

[Id,, J 

1 tga j 

\D (1 


1 

K 

KJ 


(3 - 2 cos a) 

(5-42) 


Trong cong thirc (5-42) luang tang ung sudt 
huerng kinh do u6n va nan phin mep cua phoi khi ra 
khoi 6 bi&'n dang dugc u'nh den bai he s 6 
lyjS/D,) -sina. Cac cOng thuc (5-41) va (5-42) cho 
phep xac dinh su anh hirang cua cac v£u to' den a p va oq 
khi phan rich timg s6 hang: cung nhu co the xay dimg 
duac bi£u do phan bo cua nhfrng ung suA't nay tai 6 bi£n 
dang deo (hinh 5.20b). 

Khi co sir dich chuy£n doc phOi theo phdn hinh 
tru cua ch^y v6i ban kmh lugn a mep lam viec nho (r Ch 
nho) thi c6 the gay ra su khOng tiep xiic giua chay va 
phOi. PhOi c6 the bi u6n cong vi co dang tang trO'ng 
(hinh 5.21). 

So di phoi bi uon cong la do vori chieu rOng xac 
dinh cua mep phoi cung vdi phdn hinh c6n cua chay se 



Hinh 5.2/. Qua trlnh gian 
rOng vOi mep idm viec cua 
chay co bdn kinh lugn nho. 
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tao ra momcn non boi lire tiep tuyen, no tang dfi'n mure lam cho phan mep cua phdi bi u6n 
cong trong mat phAng kinh tuyen. Khi ph6i trupt vao chay sau hon thl dubng kfnh phan mep 
cua no bi giam di la vi a cac phan tu cua ph6i bit dau co sir tac dung cua ung suat tiep tuyen 
Go vdi sir d6i dau ngupc lai (chung tro thanh umg $u£t nen); nhirng irng suat lien tiep tuyen 
nay se tang l£n cho den khi co sir xuat hien nhCrng lire khong tao ra momen uon ma la dc? ndn 
thing phArt mep cong cua phCi. Sau khi qua trinh uon va min thing phan mep cua phoi ket 
thuc thi lire bien dang tro len 6n djnh. 


Dp tang dubng kfnh cua phoi khi gian rpng AD, (la do sir uon phan mep cua phoi) co 
th6 xac djnh theo cong thuc: 


AD S = 


V D ()S 


sina 


-2r tfh -S 


(l -cosa) 


(5-43) 


trong do: r ch - ban kinh lupn cua phan chuy£n tiep giua hinh tru va c6n cua chay. 

Neu bi€i AD, chung ta co the xac dinh dupe duong kinh cua chay de sau khi gian r6ng 
co thi nhan dupe duong kfnh trong yeu cau cua chi tiet: 


D ch = D g - AD, 

Phan tfch cac cong thurc da dua ra va cac so lieu thuc nghiem da chi ra ring: khi goc 
nghieng duong sinh cua chay a cang Ion, chicu day phoi S va dudng kinh phoi bi bien dang 
D, cang Ion thi lupng tang cua dudng kfnh phPi AD g cang 16n. 


5.3.2. Lire va cong bien dang 


Luc bid'll dang khi gian rpng dupe xac dinh bang rich cua ling suat Ion nhat lai 6 bien 
da' g deo tac dung theo hu6ng true vdi di£n tfch tiet dipn ngang va he so K = 1,1 1,2. Sir 

dung c6ng thuc (5-42) ta co: 


P„ r = K.O,257tD 0 Sa l 


p. 

D„ 


-1 


Is. 1 

— sma 


157] 


l v 

D ( , 

y 


(3 - 2 cos a) 


(5-44) 


TCr cong thuc (5-44) chung ta co thi suy ra rAng: di gian rong nhurng ph6i co ciing mot 
kich thude thi luc bien dang se cang Ion neu nhu dp ben cua v$t lieu ph6i, mire dp bien dang 
va luc ma sat tiep xuc cang 16n. Goc nghieng duong sinh cua chay a cung anh huong den 
lire gian rong. Nghien cuu cong thCrc (5-44) co th i chung minh rang: co mot gia tri toi uu 
cua goc a <\t cho lire bien dang khi gian rpng la nho nhat. Khi he so ma sat y nho thi goc toi 
uu a = 15 * 20°. 


Trong qua trinh gian rong, cung giong nhu trong qua trinh top, luc bien dang bi thay 
d6i. Neu chung ta sir dung phuong phap xac dinh cong bien dang khi top thi co the xac dinh 
dupe cong bi£n dang khi gian rpng theo cOng thurc: 
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(5-45) 



irong do: 

K - he s6 = l .1 + 1,2; 

D,| - dirdng kinh phoi 6ng (theo dirdng trung binh); 
S - chieu day ihanh phoi; 
a: goc nghieng cua ch&y: 

II - hanh irinh lam viec cua chay. 


5.3.3. He so gian rpng gidi han 

Mure dp bien dang gidi han gian rpng dirpe quyil dinh hoi mpt irong hai dang mat On 
dinh cua phoi: mpt la sir tao nep nh&n 6 phdn phoi phia dudi; hai la sir xu&’t hien “cd ng6ng“ 
6 mpt hoSc dong thoi mpt vai chO tren mep cua phdn phoi da bi bi£n dang din den hien 
tirong nirt hoac rich (hinh 5.22). Sir xu£t hien dang khuyfct tat nao la tuy thuOc vao ifnh chat 
co hoc cua vat lieu phoi: vao chieu dfty tirong dO'i S/D () ; vdo goc nghieng duang sinh cua 
chay a: vao di£u kien ma sat tiep xuc vh dieu kien kep phoi trong khuOn. 

Ty s6 giira dtrcrng kinh Icrn nha't cua phin phoi hi bie‘n dang D g va dirong kinh cua phtfn 
phoi ban dau D ( „ mb vdi tv sO do c6 the g$y mpt sir mat On djnh cue bp phoi dupe goi la he 
s 6 gian rpng gidi han ^ h . 



a) b) 


Hinh 5.22. Cdc dang mat On dinh khi gian rpng: 
a- tao n^p nhftn d day phOi; 
b- xuat hien cd ngOng va pha huy. 

He s6 gian rpng gidi han c6 the xdc dinh mpt each gan dung tir dieu kien: irng sud't 
nen hirdng kinh Ion nh&'t tai 6 bie'n dang a pmax khOng virot qua irng su£t tdi han a tlMh;m la ung 
suai gay ra hien ilfpng mat On dinh cua phoi: 
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^pmax — ^kVi han 

Neu la'y o pmaX theo c6ng thurc (5*41) va img suat tori han 

a i*iM = 9nn Jinh -°t (trong do 9 1)n d j nh la he s6 on dinh); sau do giai phuang trinh nhan 
dirac d<5i vdi he s 6 gian r6ng tdi han K g/rg/h = D g /D n chung ta se nhan duac; 


K„ 


^qVindinh 


_ s —roruimn-~j 

y/r * /h \ o b (l + p cot gaX3 - 2. cos a) 


+ 1 


(5-46) 


Dc nh^n duoc lcfi giai khi dua ra cong thurc (5-46) chung ta lay gia tri trung binh cua 
he s 6 gian rdng K g/r g/h = 1,43; va t6ng: 

1 


♦ft- 1 * 


Vm5 


= 1,83 


Tmh toan theo c6ng thuc (5-46) co the tha'y rang khi a - 15°; a T = 260 MPa; <r b = 400 
MPa; 9(iwJ|nh = 1 va - 0,1 thi g/h = 1,405 va [K g/rg/h ] = 1,405/1,1 - 1,277. 

Nhuoc diem cua cong thuc (5-46) - cung giong nhu khi top - la no khong tfnh den sir 
anh hudng cua ducrng kinh tircfng doi cua ph6i D () /S d£n gia tri cua he so gian r6ng tdi han. 


Viec xac djnh muc d6 bien dang gicti han tai thdi diem xuat hi£n c 6 ng6ng 6 mep phoi 
tro nen phurc tap han bdi vi su bien dang theo chu vi khi gian rdng bang chay con khdng 
d6ng deu doc theo dudng sinh cua phan ph6i bi bi£n dang. Cac lop kim loai phia ngoai cung 
d mep phoi bi bid'n dang nhi£u han so vdi cac Idp kim loai d phia xa phan mep. Chmh vi vay 
dd gian dai tuang doi cua no tang len va cuoi cung dan den sir pha huy cac ldp ct ngoai bien. 
Do do db gian dai tuang ddi cua cac lap kim loai ngoai mep ph6i luon luon Idn han dd gian 
dai tuang doi cua m&u tieu chu&n khi kco. 


He so' gian rong tcri han theo di£u kien xuat hien 
xac dinh theo cong thurc sau: 


“co ngdng” a mep ph6i co the duac 


V g /h = exp(2n/3) + 


Scosa 

2exp(n/3) 



(5-47) 


trong do: 

a - goc nghieng dudng sinh cua chay; 

S = 2S/D(i - chidu day tuang doi cua phoi; 

n - chi so hoa ben btdn dang. 

Phan tfch cOng thuc (5-47) chung ta thay: khi t&ng chi s6 hoa ben bift'n dang n, chieu 
day tuang d6i cua phoi S va goc nghieng a thi he so gian rong tdi han cung tang len. 

De thu&n lai cho qua trinh tfnh toan, cong thuc (5-47) duoc trinh b£y dudi dang do thi 
quan he K^ T gj/h = K g / r (S, n) khi a = 30° (hinh 5.23). Co the nh&n duoc nhtfng dudng cong 
tuang tu nhu vay doi vdi nhimg goc a khac nhau. 
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Hinh 5.23. Sir phu thude cua he $6 gian rong toi han vao chieu day 
tuong doi cua phoi (S/D {> ) va tinh chat c a hoc cua vat lieu, 

Tinh di hudng cua vat lieu phoi co anh hudng d6n he so bie'n dang gicfi han khi gian 
rang. Khi tang he s 6 di hirang thong thudng R* (hi he so gian rdng gidi han cung tang len, 
boi vi khi do kha nang chong lai su bien mong cua thanh phoi tang len, 

De co the bien dang v6i mure dd cao han khi gian rdng, cung gidng nhu khi top, edn 
phai dam bao sao cho he so di hudng doc true phoi ldn han he sd' di hudng theo hudng tiep 
tuyen (hudng vong theo chu vi) va tri so cua chung can phai ldn han 1. 

He sd gian rdng cho phep cung co the' xac dinh tren ca sd cac sd' lieu thuc nghiem. 
Trong cac s 6 tay cong nghe va tai lieu ky thuat khac da co cac bang so lieu de xac dinh he 
s6 gian rong cho phep {cung giong nhu khi top, cac sd lieu nay thudng ldn han tir 10 - 15%). 
Bang sd lieu nay thudng duac sir dung vdi cac ky su thuc hanh khi thidt ke cac qua trinh 
edng nghe chd tao cac chi tiet bdng nguyen edng gian rong. 

5.3.4. Kich thirdc phoi khi gian rong 

Phoi de gian rdng thudng la phoi rdng ho£c chi tie't co day da duac dap vudt, vi vay 
viec xac dinh kich thude cua phoi chi la viec xac dinh chidu dai L cua ong dd sau khi gian 
rong nhan duac chi tie't co cac kich thude yeu cau, con dudng kinh va chieu day cua thanh 
phoi duac lay bang dudng kfnh va chieu day cua phan hinh tru cua chi tidt (D 0 va S). Viec 
xac dinh chieu dai L cua phdi dua vao didu kien can bang the tich giira phdi va chi tiet. 

Sau khi gian rdng, phan hinh edn cua chi tie't co chidu day thanh khdng dong ddu va 
thay ddi tu S den S K . Ne'u chung la gia thidt rang su thay ddi chidu day thanh theo quan he 
tuydn tinh va chieu day nho nh&'t cua phdn phoi bi bidn dang S K duac xacdinh theo edng 
thirc (5-38) thi cong thuc de xac dinh chidu dai L se co dang: 
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*) Khi gian rpng khong c6 phan hinh iru (hinh 5.18a): 


L = It 


D 4- D f , + 2r(l - cos a) 


4D 0 


- D () a 
2sina rtg 2 


1 + 


D„ 


D 


s > 


n.r.a 


(5-48) 


*) Khi gian rpng c 6 phan hinh iru (hinh 5.18b): 

/ D g 

l + -~ 

Dn 






r.tg 


a 


rr.r.cx 

180 


(5-49) 


Khi dir a ra cOng ihuc (5-49) chung ta coi ban 
kinh u6n cua phoi r khi dich chuyc'n iren be mai 
cOn cua chay va ra khoi mdi con dcu bang nhau va 
bang r: gia tri cua n6 dupe xac dinh iheo cOng thirc 
(5-19) (hinh 5.24). 

5.3.5. Khuon de gian rong 

So d6 ket cau cua khuOn de gian rong, cung 
giOng nhu khi t6p. luy ihupc vao muc do bifi-n dang 
cin thiet. NOu nhu muc dp bieii dang khong Ion va 
he so gian rpng K^, nho hon gidi han cho phep, su 
mdi On dinh cue bp phoi (ke ca su xuai hien c6 
ngdng 6 mep phoi) Id khong co. Trong truftng hop 
nay nguoi la ihudng su dung khuon ho. khOng c6 
dPi ap (bac lira) 6 phSn hinh iru cua phoi. 



D=z* 


Hinh 5.24. So dd xac dinh kfch 
ihucrc phOi khi gian rpng. 


Khi mure dp bitfn dang Ion. he s6 gian rpng Ion hon gioi han cho phep. ngudi la thuCfng 
su dung khuOn co bac iruoi de lao ra ap lire chan 6 phan hinh iru cua phoi. So do khuOn dupe 
bieu diin iren hinh 5.25. Ddc di£m ket cdu cua no Id co bac trupt 4 duoc ddy xuong dudi nho 
cac lhanh ddy (co dieu chinh chieu dai) 3. nhfmg thanh day nay dupe kep len do iren I nham 
ngdn ngira kha nang chan phoi a phdn tifp xiic v6i chdy. phoi va bac iruoi 4. Vice sir dung 
khuOn co bac irupl cho phep c6 the nang cao dupe muc dp bicn dang den 25 + 30%. 

Muc dp biPn dang gioi han khi gian rpng bang chay hinh cOn cung co ih 6 dupe ndng 
cao ncu nhu tren phdn mep cua phoi co mOi vanh nho vpi chieu rpng tu (5 -s- 6)S va c6 ban 
kinh lupn r > S (hinh 5.26). Khi gian rpng phdn vanh se dupe li£p nhdn de lao lhanh mdt con 
md khOng bi pha huy va no c6 the chju dupe ting sudi keo liep tuy£n Ion hon so voi khi mep 
phoi khOng c6 vanh. Khi d6 muc dp bitfn dang gioi han tang len iu 10 +• 20%. 

Tien chuan chon kieu khuOn de gian rpng (co hoac khOng c6 bac trupt) dua vao nhting 
linh lodn a phdn iren, khi xac dinh he sP giOi han theo di6u kien khong c6 nep gdp 6 phdn 
dudi cua phoi hoac iheo dieu kien khOng c6 v£t nut 6 m£p chi tiet. 
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Hinh 5.25. Khu6n dC ; gian rOng c6 bac trirot: llinh 5.26. So d6 gian rOng voi 

1- dff tr£n; 2- chav; 3- thanli day; 4- bac ph6i c6 vknh tang curng. 

trirot. 5- true tua. 6- 16 xo, 7- c!£ dirdi. 


5.4. TAO HINH PI 101 TAM 

Nguyen cOng tao hinh duoc dac irirng boi sir keo gian theo hai true va sir giam chi£u 
day cua ph6i tai vung bi£n dang deo. Vise tao ra nhfrng hinh n6i cue bo Iren ph6i tarn hoac 
nhirng vong g&n I6i tren nltfrng doan 6ng han hofic phoi O'ng thuong duoc tien hinh bang 
phuemg phap tao hinh trong khuon co chav c6*i curng hoac tiong moi truong dan h6i (cao su, 
chit long, chat khi) voi coi ghep (hinh 5.27). 

Ngoai vice tao ra nhirng vft lom cue bo va nhfrng hinh n6i I6i lorn tren phoi iftm, 
nguyen eong tao hinh con co the’ tao ta nhirng gin lang curng. Nhirng gin tang curng duoc tao 
ra mot each hop ly s£ ning cao do ctrng vOng cho cac chi lift phing ho&c dip vu6t khOng 
sin. do d6 c6 kha nftng giam chi£u day cua phoi va nhir viy se giam duoc kh6i luong cua chi 
lift (di£u do rit c6 y nghla trong ciic ITnh vuc eong nghiep san xuit 6t6, may keo. c6ng 
nghiep hang kh6ng v.v...) dong thcri giam duoc gia thanh san phiim. Viec chon hinh dang vi 
kich thude cua gin ting curng, chi£u cao cho phep cua cic phdn I6i va 16m dO’i voi cac loai 
vat lieu lam khac nhau duoc dua ra trong cic sO lay cOng nghe. 

Khi tao hinh. kfch thude va hinh dang dudng bao ngoai cua ph6i lim (cung nhu chi£u 
cao cua vdng hoic 6ng ph6i) hi thay dOi khOng dang ke. Chinh v! vay vide sir dung nguyen 
c6ng tao hinh d£ thay the cho nguyen eong dip vuot khi ch£ tao chi tift khOng sau co vanh 
r6ng, se lift kiem dtroc kirn loai do giam duoc kich thude phOi. Khi do do b£n tai vung bifti 
dang bj giam di do sir bien mong cua phoi. 
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Vi in cua 6 bien dang va hinh dang cua nb khi lao hinh. phu thubc vao hinh dang cua 
chay. N£u quit irinh tao hlnh dirge ihuc hi6n bang chdy ban cdu thi vung bi£n dang deo bao 
g6m 2 phAn: phdn tifp xuc voi chay (I) va phdn tir do (II): tr£n phfin (II) nay khbng c6 ngoai 
luc tac dung (hinh 5.28). 



Hinh 5.27 . So d6 lao hinh bang Hinh 5.28. So d6 lao hinh 

mdi trudng dan h6i. bang chay ban efiu. 

Vice giai bai todn vi sir phan b 6 irng suit vi bien dang luv ihubc v&o ede kfch ihirdc 
tuemg ddi cua dung cu. irong die'u kien bi£n dang thuc \€ (co tfnh den ma sdi tiep xuc. su hoa 
b£n vat IL«5u % va chidu day khong d£u cua phbi lai vung bien dang) la mot viec rdt phurc lap, 
boi vi cln phai giai mot he phuong trlnh co 10 in s 6 d6i vbi vung (I) va 11 in s6 ddi vbi 
vung (II) cua 6 bien dang. 

Voi s6 lugng phuong trinh day du, cac tac gia S. E. Rokotran vA Ph. I Rugianop da 
giai bai todn ndy bang mdy tfnh dudi dang cac d6 thi quan he, duoc xdy dung ddi vbi ede gid 
tri nhat dmh cua cac thOng s 6 ban ddu nhu: bdn kinh luon cua c6\ r c = 14 mm; ban kinh luon 
cua chay r ch = 10 mm; chi£u day cua phoi S = 1 mm. Khi do da su dung dubng cong hoa bin 
h&m sb mO dang Os=C.vp n . 

Qua trinh phdn tich co th£ cho phep xac dinh duoc cac dac trung anh huong cua cac 
thong so khac nhau din gia irj bid?n dang cue dai lai dinh cua v£t lorn cliieu cao 

gibi ban cua nb H. Tir hinh 5.29a chung la c6 ih 6 suv ra ring: vbi nhung gia tri c6 dinh cua 
h£ s 6 ma sdt tififp xuc p = 0,1 vd p = 0.25 thi khi i&ng ban kinh luon cua chay r ch (voi di£u 
ki£n ban kinh cua edi khong dbi) luc la giam ty s 6 r t ./r th se ddn din kha nang tang duoc 
chi£u cao H voi ciing mot gia tri cua e^maxt- 
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Til hinh 5.29b chung ta c6 ihi thay rang: d6i v6i cac gia iri 
khi tang ban kmh lugn cua chay r th hoftc giam ban kmh luon cua c6 
dang P (can thiet d£ tao ra v£'t lom co chi6u sau H y£u c3u) tang !e 
anh sir anh hircmg cua ma sat titfp xuc den gia iri vdi nhfrng 

khac nhau kht cac gia iri cua n va r c /r ch kh6ng thay d6i. Tir do thi 
tang chi£u sau tirang d6i cua vet lbm H/r ch thl anh hircmg cua ma sa 
do lien quan den viec tang didn tich ti£p xuc giura chUy vil phOi. 






Ilinh 5.29. Cac d6 thi quan he di xac dinh thong s 6 


Di co the xac dinh mOt each gan dung luc tao hmh. khi tao 
khong tinh den luc ma sat ticp xuc va chieu day khOng d6ng deu ctu 
the sir dung phuang trinh Laplas. Neu chung ta coi lire bien dang k 
gifra ap luc rieng q v6i dien t(ch hmh chieu cua be mat ti£p xtic gitfa 
phap tuytfn voi true doc ciia chfty, thi cong thirc di xac dinh lire bi£n 

*) Khi tao hinh v£t lom bang chiy ban c£u (hinh 5.28): 

J%,. hinh“2.it.o s .S.h(2.r th - h)/ r ch 

Neu h = r ch thi: 


l^tao hmh -^S ^ 








*) Khi tao hinh gan tang cung hang ch&y c6 mat cat ngang dang cung iron (hinh 

5.30a): 

Pu„Mnh= 2.o s .A^ h(2 . ri . h -h).L (5-51) 

r ch 

irong do L la chi£u dai cua g&n. 

Khi h = r vh thi: 

P«a,.hinh =2.C S .S.L (5-52) 




Hinh 5 JO. So d6 tao hinh gan t&ng ci/ng (a) va dang pha huy khi tao hinh (bj 


Trong cOng thirc (5-50) va (5-51) tro lire bien dang dirge xac dinh nhir mot ham s 6 cua 
muc do bien dang ctrc dai nha cI6 ihj hoa ben ham s 6 mu hoac quan he tuy£n tilth (ddi vtfi 
kim loai da cho): 

cs- * (S - S b(r ,)/s 

Thirc nghi£m da chung minh n\ng: chi£u cao tuang d6i gidi han cua v£i lorn cue bo 
(bang ty s6 chi&u cao cua no vat dudng kmh vet lom) sc tang ten khi ting chifcu day cua 
phOi vk ban kmh lirgn a phdn d:iu chay. Chiiu sau lout nhat cua vet lorn chi co thi dat dirge 
khi tao hinh bang chay co dang cAu. Khi tao hinh cAc tain doing thau co chiiti day S = 1 mm 
thi chiiu sAu vOt 15m co ih£ dat dirge bang 1/2 dircmg kmh ciia chay. 

Khi tao hinh cic vtft lom ban cau, co thi xuat hi£n cac vet nih each \a dinh ban cau 
mOt chut (hinh 5.30b). So dT nhir vay IA do tai dinh va vung lAn cAn cua no. phOi dirge ap sat 
vie chay va lire ma sat tifp xtie sinli ra khi c6 sir trirgt cua phOi se han che mire d6 bien dang 
tai vung dinh chay voi circrng do Idn han so veri ciic vung ngoat bt£n. 

Neii qua trinh tao hinh dirge titfn hAnh bang chay hinh tru c6 mat dan phang va b;in 
kmh Uron mep lam vifcc nho, thi phin vAnh cua phOi se h| bi£n dang deo cung nhir phAn day 
phang cua chi ti£t. PhAn vanh nay duoc giai han bin cAc ban kinh R^. h va r (hinh 5.3Uil. Phan 
vimh ph6t 0 ngoat mep dirge giai han bai cAc ban kinh R va R gh se bj bien dang dan h6i. Ban 
kinh cua vong tr6n phAn chia giira vung dan h6i va vung bien dang deo R gh c6 the dirge xac 
dinh theo cic s6 lieu cua M N. Gorbunop. 
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Giai ket hop phucmg trinh can bang v& phuong trinh deo vtfi di6u ki£n bi£n cho dirdng 
bao irong chi tiet (R gh = r) la c 6: 


c Pmax. “ P a 5 


In —+ 0.5 


(5-53) 


Sir dung ccmg thtic niiy. chung la c6 the xac djnh diroc R gh tu di£u kiCn o pmilx = o s ; khi 
do R^h = l*65r (hinh 5.31a). 

Trong truOng hop tao hinh bang chay hinh iru nhu vay, lac bien dang P, h se bang ifch 
s<5 cua ting suit cue dai a pmax vtii dien tlch mat cal ngang ph&n hinh iru cua h6c. dupe tao 
hinh co t'inh din ting suit u6n. lac ma sal dip xuc va sir hoa b£n cua vat li£u (dupe tinh bang 
gia tri irung binh cua ting suiVi chay tai 6 bien dang): 


^*1 a • 'hinh ~ ^ • r-S. (3.0 s thTnli 


In 


R.. 




+ 0,5 


2<r. -f- S/2) 


\ut 


Khi sir dung duong cong hoa b£n bic nhiVt ta co ting suit chay irung binh: 


°S tbinh - °Tn + 0»5.E.5 h m 


trong do: 

5 b m = AS/S - do bien mong cho phep cua phOi; 
Op,, * gioi han chay ngoai suv; 

E - mOdun dan h6i cua vat lieu. 






Hinh $.31. Cac so d6 tao hinh: 
a- bing chav hinh iru c6 day phang va ban ktnh Urpn nho; 
b- c6 sir uOn trade a phin vanh dudi dang g&n 16i; 
c- bien dang lam vice cua chay va c6i de tao hinh. 


Khi tao hinh bang chtiy hinh tru co day phang co the tao dupe vet lorn ven chi£u sin H 
= 0.2 + 0.3 duong kinh cua cliiy. Neu cAn phai tao vet lorn co chi£u siu 1cm han thi ngufri ta 
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thirdng su dung phuang phap tao hinh co su udn truoc kim loai 6 phan vanh diroi dang gan 
l6i (hinh 5.3lb); con khi dap cac chi tiet bang hop kim nhom nguai ta phai nung nong cue 
bp vanh. 

Khi thiet k£ prophin lam vise cua khudn 66 tao hinh can phai chu y rang: co mdt phSn 
phdi om sat vao coi (hinh 5.31c). Chieu s£u ciia coi h c can phai Ion hon chieu s&u cua gan 
hoac vet lom h; con ban kinh lupn 6 goc cua chay r g can phai nho hon ban kinh lupn cua coi 
r c , Chi vdi nhung dieu kien nhu vay mdi c6 the ngan ngira dupe sir xuat hien cac vet ngan a 
thanh chi ti^t co the ddn dfn viec tao thanh cac vet nth va gay phe ph&m. Chay 6i tao hinh 
thuPng co hi mat tua de dam bao chinh xac chieu sau can thid't cua vet lom. 

Qua trlnh tao hinh con co the thuc hi£n bang cao su va chat long. Vi du nhu dap bang 
cao su dupe su dung rong rai trong san xua't loai nho (chang han trong cOng nghiep che tao 
may bay) ma a do n£u sir dung nhung khudn kim loai truydn thong thuPng qua Ion. Mot 
trong nhung vf du tao hinh bang ap luc thuy tinh cua cha't long la vide ch£ tao ong xiphong, 
la nhung ong thanh mong co dang song doi xirng, dupe su dung 6& dieu hoa trong hd thd'ng 
dng dan voi nhung cong dung khac nhau hoac la d 6 lam cac ph3n tu nhay cam cua dung cu 
do. Cong nghe dap bang cao su va chat long dupe gidi thieu trong cac tai lidu ky thuat khac. 

5.5. TAO HINH CAC DOAN PHOI ONG 

Cac chi tiet ong thanh mong co tiet didn ngang thay ddi (hoac duPng sinh cong, gap 
khuc) co thd dupe che tao tu nhirng doan phoi ong li£n (bang phuang phap dap vuot) hoac 
nhung vanh dng han (hinh con, tru) bang chay ghep nhieu manh va co the co gian dupe theo 
hudng kinh (hinh 5.32). Cac chay ghep nhieu manh co the co gian dupe, thupng sir dung nhu 
nhung dung cu lam viec trong khuon dd chd tao cac chi tiet nho va trung binh. Ddi vdi cac 
chi tiet ldn, co duPng kinh den 2000 mm va chieu cao den 1000 mm hoac Idn han (vf du nhu 
cac chi tiet vo may bay, cac chi tiet vo 6 td, vo cac may giat...) thuPng dupe gia edng tren 
cac may ep chuyen dung 6i d$p gian. 

Cac phtrong phap dap gian trdn thupng dupe phdi hop vdi cac nguydn cong tao hinh va 
so 66 (rang thai ung su&t cung tuang tu nhu khi tao hinh: keo hai chieu va giam chieu day 
phdi tai vung bidn dang deo. Chi khac so vdi nguyen edng tao hinh la no bi bien dang deo 
trdn loan bo the tich phoi chu khong chi 6 mot vung nao do cua phdi nhu khi tao hinh. Khi 
chieu cao tuang ddi cua phdi nho (nho han duPng kinh) thi se xay ra su giam dang ke chidu 
cao cua duPng sinh. 

Sa ad khudn de tao hinh bang chay ghep co gian dupe trinh b&y tren hinh 5.33a. Luc 
ep dupe truyen qua bo phan chuyen ddng phia trdn cua khudn / len chay ghep 2. Cac mieng 
ghep cua chay se djeh chuyen trdn bi mat con cua I5i con 3 va tach ra khi tarn tren cua 
khudn J di xuong. Khi do, duPng kinh cua chay ghep va khe ha giua cac mi^ng ghep Z tang 
len. Con phdi dupe dm vao chay ghep bj bien dang deo va thay ddi theo hinh dang cua chay. 
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Ncu khe ha giua cac mieng ghep 1cm (kh» s 6 mifng ghep it) thi chi ti£t sau khi tao hinh c6 
thfc co vet hinh goc canh rd ret giura cac mi£'ng ghep cua ch&y. V] the s 6 lirqng c&c mitfng 
ghep dam bao sao cho > 12. 6 vj tri ban d&u ch&y ghep thu vao nhfr cac thanh dAy -/ tac 
dong vAo dta d6m cua khuon ho&c may ep va 16 xo vong giura ede mi<*hg ghep (ndm trong 
ranh cua mieng ghep) de tao thanh hinh dang cua chav, khi do chay co the' lot qua dudng 
kinh trong cua ph6i. 



Hinh 5.32. Cac chi tiel dupe ch£ tao bang phuang phap dAp giitn. 




c.) 


Hinh 5.33 . Khuon do dap gian (a); so do trang thai 
trng suat - bi£n dang (b) va b\6u d6 phAn bOi ung suAt (c). 




Khi dap bang chay ghep, a thdi diem cuoi cung (ket thuc dap) toan bo the rich phoi bi 
bien dang deo. Bat ky mot phdn tir nao cua vanh phoi cung d6u bi keo theo hircmg ti£p tuyen. 
Khi do tudng ting vdi dieu kien khong bi nen, pMn vanh phoi bj giam chieu day va giam 
chi£u cao cua no. Chfnh vl v£y ma trang thai bien dang tat vung deo la trang thai bi£n dang 
khdi (hinh 5.33b). 


Trang thai ting su&t cua phan to trong phdi lai vung bi£n dang deo, co the coi la trang 
thai ting suat kh6i bdi vi theo huting tiep tuy£n no bi keo; theo hudng kmh no chiu ap lire 
duoc truyen bdi cac mieng ghep cua chay, con theo huong kinh tuy£'n no bi keo bdi luc ma 
sat do sir dich chuy£n cua phan vanh phoi doi vdi cac mieng ghep cua chay (hinh 5.33b). Vi 
be mat ngoai cua phdi trong qua trinh dap gian khdng co tai trong tac dung, con ap lire rieng 
q duoc truyen boi cac mi£ng ghep cua chay vao bi mat trong cua phoi, cho nen khi su bien 
mong tuong doi cua phoi nho thi ap luc rieng q cung nho so vdi ting suat chay va khi do 
trang thai ting suat co the’ coi gan nhu la trang thai ting su£t phang. Mat khac khi ap lire 
ri£ng q tuang 66i nho thi luc ma sat rieng ty Id vdi chung lai cang nho hon. Tren co so nay, 
dieu kien deo theo gia thiet cua Huber-Mises co the ap dung dudi dang: 

ae= (3.a s . 


Giai k£'t hop phuang trinh can bang tdng quat va dieu kien deo vdi dieu kien biSn la 
ting suat keo o p tai mep phdi bang khdng, co the cho phep chung ta xac djnh duoc dac uung 
cua su phan b 6 ting suat khi tao hinh bang chay ghep co gian duoc co dudng sinh cong vdi 
dd cong khong d6i: 


- L os q _ cosep - 2fi(sin0 - e F/ simp)] 
P 


(5-54) 


trong do, cac ky hieu va tri so cua chung dirge xac dinh theo so do d hinh 5.33c. 

Nghien ctiu phuang trinh (5-54) chijpg ta co thi th&y rang tai mep phOi bi biO'n dang 
(0 = w y = 0; p = Tj) thi ting su£t keo hudng kmh a p bang khdng, con tai di^m giua cua phoi 
(0 = 0; y = <p; p = r 2 ) thi ting su&'t c p dat gia tri cue dai: 

<V™x) = -e w (cos(p-2nsin<p)] (5-54a) 

r 2 

Bietii d6 phan bo ting su£t a p tai 6 bien dang, doc theo dudng sinh cua phdi duoc bidu 
diOn tr6n hinh 5.33c. 

Luc bien dang c3n thiOt de tao hinh phoi bang chay ghep hinh tru co gian duoc co the 
xac dinh bang each khao sat di£u kien can bang cua mot trong nhung mieng ghep. So d6 tac 
dung cua ngoai lire len mieng ghep cua chay dugc chi ra trOn hinh 5.33a. 

N£u coi rang chay duoc ghep bdi m miehg ghep va didu kiOn ma sat tr£n be mat tiOp 
xuc giua cac mieng ghep va chay 2; cua loi cOn 3 va khudn tren 1 la nhu nhau thi luc can 
thiet de tao hinh cua may ep P th duoc xac dinh nhu sau: 
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P th = mN(tga + |i)/ (1 - 2ptga) (5-55) 

trong do lire N co th6 xac dinh mot each gan dung nhu la mot ham $6 cua lire keo cang ph6i 
T tao ra khe ho giua cac mi£ng ghep cua chay (hinh 5.33a): 

N = 2.T.sin(cp/2) (5-56) 

Neu gia sir rang khi tao hinh phoi hinh tru chi bi keo theo hiring titfp tuyen, thi lire 
keo cang phoi se la: 

T = a 0 .h.S (5-57) 

trong do: 

h - chieu cao cua ph6i; 

S - chiCu day cua thanh ph6i. 

Neu chii y den di^u kien deo ta co: 


T = p.a s .h.S 

(5-57a) 

Thay cac gia tri vao c6ng thirc (5-55) ta dupe: 


P lh -2m|to s hSsint + 

,h 1 s 2 (l-2(itga) 

(5-58) 


Voi so lupng mieng ghep cua chay m = 10 -5- 12 thi m.sin(q>/2) % n va v6i gia tri cua he 
so ma sat p nho thi {1 - 2.p.tga) * 1. Tir nhtfng gia thiPt nhu vay ta co: 

P th = 2.:r.p.a s .h.S(tga + p) (5-58a) 

trong do, a 5 la ling suit chay khi bien dang deo ngupi dupe xac dinh dira vao dircfng cong 
hoi ben tuemg ung vdi mire dp bien dang trung binh: 

6 = (r 2 -r l )/r ] 

Ngoai ra lire tao hinh con co the dupe xac dinh b&ng mot c6ng thiic khac co dang: 

Pth = Jt.p.o $-h-d(tga + ^) ln (%) (5-59) 

trong do: 

D, d - lan lircrt la dudng kfnh trong va ngoai cua vanh phoi; 
h - chieu cao cua vanh ph6i. 

Ngii coi ln(D/d) - D/d - 1 thi (D - d)/2 = S va thay vao cong thuc (5-59) chung ta se 
dupe cong thurc (5-58a). 

Thuc nghiem da xac dinh dupe rang: khi m = 12 thi mure dp bien dang gicri han cho 
phep sau mot nguyen cong dap gian vanh ph6i bang thep 20, thep khOng gi 12X18H9T va 
hop kim nh6m bao g6m khoang 18 -s- 20%. 

Cac thong s 6 khac khi dap gian vanh phdi nhu ap luc ridng q gay ra su bien dang deo; 
chi£u day cua thanh ph6i doc theo dudng bao cua phoi v.v... co the dupe xac dinh, co tmh 
den luc ma sat tiep xuc va dp khong d6ng deu cua su phan bo bi£n dang do viec sir dung 
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trif&ng van td'c kha dl dong diroc xay dung theo quy dao xac dinh bang thuc nghiem sir dich 
chuydn cua cdc phSn tir kim loai duqc dp dung cho bifti dang phing. Vf du nhu cong ihuc de’ 
xac dinh dp Iuc riCng khOng thur nguven 6 thanh phoi hinh tru. gay ra su bitfn dang deo cua 
ph6i, co dang sau: 

J- =05 j2lBk|Llik2 (5-60) 

2K r* 

hr 

trong do: 

R ( , va r 0 - Idn lum la ban kl'nh ngoai va irong cua phoi hinh tru; 

r Ir - ban kfnh trong cua chi lift hinh tru; 

K = as/3 - hang $6 deo. 

DO thi quan h£ q/2K = f(S/r 0 ) da chi ra rang khi ty s6 S/r n tang l£n thi gia tri cua q/2K 
cung tang l£n (hinh 5.34). 

Khi dap gian vdnh ph6i bang clidy ghep co gian duqc se xay ra hicn tuqng bien 
mong thanh khOng ddu doc theo chu vi cua phoi do didu ki£n cua luc ma sat tiep xuc khong 
dSu, cung nhu khOng co lire ma sat tai cdc viing khe ho giua cac miftig ghep cua chay. 



Hinh 5.3-4. Sif phu lhu6c cua khdng 
thu nguyen vao chidu day tuevg 66\ 
cua phoi (S/r (l ) khi dap g : 


Hinh 5.35 . Sof do cac mieng ghep 
cua chay vdi ban kmh 1dm vice 
khde nhau khi dap gian. 


Tdt ca nhung nguyCn nhdn do tao ra su gay g6c cua chi liet theo lift di£n ngang (tao 
thanh da giac nhidu canh ma khOng iron). Didu do. theo didu kien ky thuAf ciia hang loat chi 
lift ddu khOng cho phep. 

De han chtf hien luong tren. ngudi ta thudng su dung nhurng mieng ghep co ban kinh 
lam vice r ch bang ban kfnh trong cua chi lift r lf . Trong trudng hop nay. dq dai cua phdn canh 
thing b’ va do meo a* (hinh 5.35) c6 thC xac dinh theo cOng ihuc: 
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a* =r tr - r () - (>/r t 2 r -r ( ? sin 2 i|/ - r () cos\|/)cos \\> 


(5-61) 


b* - 2 sin i|/(y r t 2 - r 2 sin 2 \\f - r 0 cos y) (5-62) 

Cac ky hieu trong cdng thric (5-61) va (5-62) duoc chi ra tren hinh 5.35. Khi giam ban 
kinh r ch thi muc do goc canh {gia tri a va b) tang len. 

Ngoai phuong phap dap gian bang chay ghep co gian diroc ma chung ta vira khao sat, 
trong cong nghiep hang kh6ng ngucri ta con sir dung phuong phap dap gian ngang va doc 
duoc thuc hien tren cac may dap gian chuyen dung di che' tao cac chi tiet vo ngoai ciia may 
bay bang hop kim nhdm va hop kim titan. 

5.6. NGUYfcN CONG NAN CAC MAT PHANG VA MAT CONG HINH XUY^N 

Nguyen cOng nan la m6t nguyen cong nham khac phuc nhutig hien tuong cong venh, 
sai lech cua chi tiet dap sau khi cat, dot, uon, dap vud't v.v... Nguyen cong nan con duoc sir 
dung de lam giam ban kinh luon cua vanh va day chi tiet dap vud't khi chi ti£t co yeu cau 
ban kinh luon nho hon so v6i gia tri nho nha't cho phep khi dap vud't (con goi la nguyen cong 
tinh chinh). 

De nan cac chi tiet hoac phoi co dang mat phang ngubi ta thuong sir dung khuon 
chuyen dung de nan ma cac chi tiet lam viec ciia no la nhting tarn phang co be mat tron nhSn 
hoac khia nham theo kidu to ong hoac co cac dinh nhon (hinh 5.36). Dinh rang cua khuOn 
nan co khfa nham kieu 1 6 ong thudng ldn hon so v6i khuon co dinh rang nhon, chung thuong 
co mot dien tich phang hinh vu6ng, hinh thoi v6i chieu rong b < 0,5S. Chieu cao h va budc 
rang / cua khuon co dinh rang nhon thuong duoc lay bang chieu day S cua vat lieu (hinh 
5.36b). 

Khuon co mat phang tron nhan thubng duoc diing de nan cac chi ti£t mong, con khuon 
co be mat nham dung de nan vat lieu day hon (S > 2mm). Khi nan bang khu6n co dinh rang 
nhon co thi se xufft hien nhung vet han nho len tren hi mat chi tiet. Nhung dinh rang nhon 
ciia ta'm khudn tren va tarn khuon duoi can phai lech nhau mdt nira budc rang, co dam bao 
nhu vay thi mdi co thi gay ra bi£n dang deo cue bo phin bi cong venh, sai lech ciia be mat 
chi tiet. Co the phoi hop nguyen cong nan vefi nguyen cOng tinh chinh, ch6n, de nan thang 
chi tiet sau khi uon va nhfing nguyen edng khac. 

Luc nan co the duoc xac dinh mot each gSn dung theo cong thurc: 

Pnin = q-F 

trong do q la ap luc nan phuthude vao chieu day vat lieu va phuong phap nan 

(q = 50 + 300 MPa). 

De nan cac be mat cong cua chi tiet (tinh chinh cac ban kinh goc luon ciia chi tiet dap 
vuot) ngucri ta thuong sir dung nhung khudn co ket cau tuong tu nhu khuon dap vudt. Khi 
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nan nhimg b6 mat cong (phan chuyfcn tiep gift a day vd thanh hinh tru cua chi tict clap vuot) 
thuang xay ra su giam chi6u cao cua chi ti£i, con khi nan ban kfnh lircn giua thanh va mat 
vdnh (chi tiet hinh tru go vinh) thudng c6 hi£n tugng l«\m giam ductng kmh ngoai cua vanh. 
Neu gia sir khi nan khAng xay ra sir bien rnong vat lieu, thi d6 giam chieu cao cua chi ti^t Ah 
co the’ xac dinh dua vao di£u kien dp dai dirang sinh kh6ng d6i: 

Ah = 0.43(R - r) 

va d6 co dtrong kmh ngoai cua vanh: 

AD = 2.Ah = 0,86(R - r) 

trong do R. r ldn lirat la ban kfnh phdn chuyen ti£'p ciia chi ti£t trirac v£ sau khi tinh chinh 
(hinh 5.36c, d). 


<5 




1 




Hinh 5.36 . Cac phuang phap n&n m&t pining va mat cong. 

Luc biSn dang khi nan ede mat cong dugc xdc dinh bang tfch s6' cua ap luc rieng q vdfi 
dien tich hinh chieu phdn bien dang cua chi ti£'t len bi mat vu6ng gOc vdi phuang cua lire tac 
dung. Nhir v&y khi tinh chinh ban kmh lugn 6 day cua chi lift hinh tru ta co: 


242 





Con khi tinh chinh ban kmh liron a vanh: 

p nin = H(R + r) (D + R - r)q 

trong do: 

D - dudng kfnh phan hlnh tru cua chi tiet; 

q - ap lire nan, co the lay q — 150 200 MPa. 

Ngoai phuong phap nan bang khuon nan chuyfcrt dung, ngu6i ta con co the sir dung 
phircmg phap min Mng hai true quay ngiroc chieu nhau dd nan cac chi tiet nho (nan bd mat 
phang). Khi do viec truyen cap phoi va thu hoi san pham co thd tu dong hoa hoan loan. Cac 
tarn kim loai hoac cac cuon phdi thep co the dupe nan thdng (phang) bang cac may nan tam 
nhidu true nhir sir u6n nhieu lan gitfa cac true nay dupe dat l£ch nhau. Doi vdi cac tam kim 
loai kh6ng lcrn co the dupe nan phang bang phirong phap keo gian 3 -*■ 5% chidu dai cua 
chung. 
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Chitting 6 

CAC PHLTONG PHAP TANG ClfONG SU HIEN DANG CL A PHOI 

6.1. Sir PHOI HOP CL'A MOT SO NGUYfiN C6NG TAO HINH TRONG CliNG 
MOT KHUON 

Muc dfch chit y£u cua viec tang curmg sir bi£n dang cua phoi la nh&m rut ng&n day 
chuyOn cOng nghe, do do n£ng cao dirge nang suSt lao dOng. giam s 6 lirong thiOt hi yfcu cSu 
va do do giam so cong nhan lhao lac. Nhung phuerng phdp rieng biet d£ tang c trong sir bien 
dang cua phOi a limg nguyen cOne Ihi chung la da khao sat. Vf du nhif: 

- Viec goi lop kim loai bi bien cting nguOi 6 mep 16 dot iruoc khi len vanh; vi£c ep 
diy phoi khi dap vutfl chi Met hinh iru co vanh rong; 

- Viec sir dung bac trirot-loi lira trong khuOn tOp va gian rOng phoi ong; 

- Viec ling di> nhan hi mat khuOn va ban kfnh lugn cua cd'i khi dap vuA't v.v... 

Hi£n nay nhung phuong phap de tang cirdng sir bien dang cua phoi da tang len d£'n 
mure edn thiet phai x£p chung vac mOt nhom riOng. 

Sir phoi hop cua mOt vai nguyen cOng tao hinh trong cimg mOt khuOn cho phep lam 
giam ting suat 6 tiei di£n nguy hiim cua phoi. nang cao muc do bien dang gioi han va giam 
s 6 nguyOn cong can thiOt d& chtf tao chi tie't. 

So d6 ciia sir phOi hop cac nguyen cOng dap vuO't, top. gian rOng trong cimg mOt 
khuOn dirge chi ra tren hinh 6.1 



Ilinh 6.1. So dO phOi hop gifra c£c nguyen cOng trong cimg mOi khuOn: 
a- dap vuO't + top; b- dap vuO't + top + gian rOng; c. d- gian rOng va lop. 
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Phan n'ch cac sc c!6 nAy chung ta c6 th£ thtfy rang: khi phdi hap nguyen edng dap vudt 
va nguydn edng tdp (hinh 6.1a) cung nhu khi phdi hep nguyen edng dap vudt, top va gian 
rdng (hinh 6.1b) do co lire bd sung, dd day phdi vao trong c6i lam xua't hien umg suA'i nen. 
giam nhe tai trong a tiet diftn nguy hidm cua phoi va can bang veri ung suflft keo sinh ra khi 
chay kdo phdi vao trong edi. do 66 tang dirge mtic dd bien dang. 

Khi phoi hep cac nguyen edng nhu vay se tao ra mdt 6 bidn dang chung hoAc hai 6 
bidn dang ddc lap (tren hinh 6.1. cac 6 bidn dang bi td den). Neu ca 2 nguyen edng phdi hop 
66 diin den vice giam kfch tlnrdc ngang cua phdi bi bien dang, chdng han nhu dap vudt va 
top (hinh 6.1a) thi chi cd mOt 6 bidn dang la phAn phoi co didn tich tiet dien ngang thay d6i. 
Ndu mdl trong nlurng nguyen edng phdi hep cd sir tang kfch thude ngang, con ede nguyen 
edng khac thi lam giam kfch thucc ngang. vi du nhu: gian rong. tdp va dap vudt (hinh 6.1b) 
hoAc gian rong va top (hinh 6.1c, d) thi se hinh thanh hai 6 bidn dang ridng bidt duoc phan 
chia bei viing dan hdi. Trong trirdng hgp nay mure dd bidn dang tdng edng se bang tdng mtic 
do bidn dang nhAn dugc d mdi nguyen edng phdi hgp. 

Dd thdy dirge sir uu viei cua plnrang phap dap da cho, chung ta hay khao sat mot vi du 
phdi hgp giua cac nguyen edng dap vudt (nguydn edng trung gian) ven nguyen edng top 
trong edi hinh edn (hinh 6.1a). 

Trong trueng hep nay. phdi la mot chi tiet hinh tru (da dugc dap vudt 6 nguyen edng 
truce) dugc keo vao trong edi bei ap lire cua chay vao phAn day cua phdi, gidng nhu khi dap 
vudt; ddng ihci no lai dugc day vao trong edi bdi ap luc cua bd phAn day tai phAn m£p cua 
phdi gidng nhu khi top (hinh 6.1a). Khi do se tao ra mdt 6 bien dang chung ma gici han cua 
no chi gom phAn phdi co kich thucc ngang bi giam di. Nhu vay, ro rang la khi dap, tai 6 bien 
dang se phat sinh ung suA’t. hueng doc theo dueng sinh cua phdi: ting suit keo do dap vudt 
vA ung suAt nen do top. 

Bi£u do phan bd ede ung suat nay dugc chi ra lien hinh 6.2a. 


Hinh 6.2. Bidu dd phan bd umg suat: 
a- khi dap vudt va tdp dugc thuc hien ridng re: 
b- khi phdi hep giua dap vudt va tdp. 
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Bieu 65 phan bo ring suat khi d6ng thrii dap vuot va top co su thay d6i dau khi 
CT pv U or = a pT6p* Ban kmh R gh tai diem phan chia nay se thay ddi tuy theo ty s 6 cua cac ring 
suat dap vuot hoac top (hinh 6.2b). 

Kha nang bien dang cua phrii khi dap vu6t va top phu thuoc vao tri so cua ring suat 
keo va ring suat nen ctrc dai tai 6 bi€n dang. N£u nhtr nhung ring suat nay dat duoc gia tri trii 
han se xay ra hi6n tuong drit day phoi hoac nhan tai vung truyen luc durii tac dung cua ring 
suat nen. Thuc nghiem da chi ra rang khi phoi hop dap vuot va top, kha nang bien dang girii 
han cao han so vrii khi dap rieng bi§t. Mric do bi£n dang: K vur , (+ T( , p co th 6 bang rich cua mric 
do dap vurit cho phep va ht s6 top cho phep. 


K, 


— Kv..a»*K- 


vuot + Top ^Vuot-^Top 


Cung giong nhu khi top, goc nghieng during sinh cua crii hinh con co anh hucmg den 
luc bien dang trong qua trinh phoi hop dap vuot va top. Se t6n tai mot vung goc toi uu ma 
vcri goc nay luc c6ng nghe la nho nhAt. Khi su dung chat boi tron dam bao sao cho he so ma 
sat p < 0,1 thl vung goc toi uu nam trong khoang 20 -5- 25°. Lire bien dang can thict de dap 
vuot va top duoc xac dinh bang tdng cua cac luc dap rieng bi£t 


p - P 

* phoi hop 1 vuol 


+ P. 


top 


= *.s. (cipvio, .d 


mux r -y. 
a pTop 'V) 


( 6 - 1 ) 


trong do: 

°pW6t " ting suit keo cue dai tai vung dap vuot; 
oJS - ring suat keo cue dai tai vung top. 


Gia tri cua ring suat huemg kmh cue dai xua't hi£n khi dap vudt va top duoc xac dinh 
theo cong thric trong cac s6 tay cong ngh£. Su phoi hqp gitfa dap vuot va top se dac bi£t co 
hieu qua khi che tao cac chi tiet hinh crin co goc con 6 dinh nho (10 -5- 20°) hoac nhung chi 
tiet co during sinh cong vdi ban kmh cong 16n co dinh cong hoac phang. 


6.2. tAc DONG Lire PHU l£n phoi 

Vi^c tac d6ng luc phu len phoi sc dat dirge hieu qua lrin nhat khi thuc hien cac nguy£n 
cong tao hinh a irang thai nguoi, neu nhu tai 6 bien dang dec (dac bict la tai phan mep cua 
no) co ring suat keo. Nhung ket qua quail sat duoc khi len vanh, gian rong va uon tren nhung 
dai gan tai vung keo da chring minh dieu 66. Vifcc tao ra ring sua't nen phu tai phan nay cua 
phoi se nang cao tmh deo cua no va do do nang cao dugc mric do bien dang gidi han cua phoi. 

Viec tac dong luc phu len phoi co the duoc thuc hi£n bang nhtrng phuang phap khac 
nhau. Vi du len vanh va gian rong ngurii ta thuring kep chat phan mep cua phoi bi bi£n dang 
giu'a cac be? mat crin cua chay va tarn day (hinh 6.3a) hoac giua cac mat c6n cua chay va 
coi (hinh 6.3b) la nhring mat con co goc crin khac nhau (hieu cua cac goc con nay 
thuring tri 2 ^ 3°). 
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Vice kep chat phan mep cua phdi khi ten vanh va gian rOng sc gay ra ting suai lifip xtic 
nham hail chii bidn dang cue bd. do do nang cao mere d 6 bien dang gidi han. 

Khi dap vudi c6 bien mong, vice lac d6ng lire phu diroc thirc hien bang each day ph6i 
vao trong cdj ciing vdi sir keo ph6i cua chAy (hinh 6.3c) con khi lfcn vanh co bien mong 
ngucri ta dung vong ddi ap, dal vao phan mep mat diu cua vknh (hinh 6.3d). 



Hinh 6. 3. So d6 lac dong luc phu len ph6i: 
a- khi len vanh; b- khi giAn rdng, c- khi dap vu6t 
co bi£n mong; d- khi ten vanh co bien mong. 


Vtec kep chai phSn mep ciia phoi cOng gitfng nhir vice lam giam ting s uat keo a liei 
dien nguy htem nha co cfliu dAy phoi v&o cdi hoAc sir dung d<5i ap 6 mat ddu cung nhir viec 
nAng cao (fnh deo cua phoi nham lam giam sir bitfn dang khdng ddng dcu theo chteu cao cua 
nd. Dieu do cho phep nAng cao d0 chfnh x5c kich thirdc cua chi net dAp theo chidu cao. 
Ngoai ra vific (Ac ddng luc phu len phdi con cd kha nftng lam giam sir khac nhau v6 chi£u 
day cua no. Cic nghidn curu da churng minh n\ng: khi gian rdng goc nghteng cua cdi cAn phai 
dam bao cx t > 90°, con khi len vanh goc nghteng cua day otj > 120°. Vice kep chat phdn mep 
cua phdi khi len vanh cho phep lam tang mure dd bien dang sau mdt nguydn cOng tir 
1,7 + 2 lan Do vAy co th 6 nhAn diroc chieu cao cua phAn vAnh du d£ han dng hoAc tao ren. 

Vice lac dong luc phu khi dap vu6t va len vanh cd bien mong. co ihd cho phep giam 
diroc chi£u day thanh phdi mdt vai ten sau mdi nguydn edng; giam diroc sir khdng d6ng d£u 
ve chidu d.iy va khdng c&n phai su dung nguyen edng cat mat ddu 

Phuong phap tac dOng lire phu len phoi edn co ilte bao g6m ca phirong phap nen doc 
true mdt doun dug chju ap luc thuy tmh d bdn trong dc nhAn diroc cac chi liei rdng co phAn 
vanh loi ddj xung (hinh 6.4a) hoac nhung chi liei rdng co mdt hay vai r.hanh theo nhumg 
hiring khac nhau (hinh 6.4b). 


247 
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a) 




f 


Hinh 6.4. Cac dang chi tiet dugc chf tao bang ap lire thuy tlnh cb nen doc true 





Thirc chfit cua quA trinh la ph6i hinh tru dirbi dang 
6^8 mm dugc d&t vao trong khuOn co ctfi ghep. D6ng 
then vdri vice lao ra Ap lire thuy tlnh cao a trong long phtii 
6ng. ngirdi ta nen doc theo true phoi tao ra vung bifn 
dang deo chju umg suat non Khi do, theo di£u kien deo, 
irng suAt keo tifp tuyfn se bi giam di v& do do muc d6 
bifn dang gidi han tang len. 

Khuon de chf tao chi tiet 6ng n6i ba chac tir phdi 
Ong duac trinh bay d tren hinh 6.5. DSc diem ket can cua 
khudn la c6i dirge ghep theo mat piling ngang. Sau khi 
qua trinh nen doc true vdi ap lire cua chft long edng tac 
dat dugc mot gia tri nhA't dinh, bat d£u c6 sir chay cua 
mdt pluin ph6i vao trong 16 a mat b£n cua edi va tao 
thanh nhanh 6ng. khi do dA dai ban dAu cua phdi bi co 
ngAn va giam di. 


mOt doan 6ng c6 chiiu day thanh 



Vide dAp cAc chi tiet 6ng noi ba chac dugc thuc Hinh 6.5. Khuon de che tao 

hien tren cac may ep thuy lire chuyCn dung hoac trCn ^ng n<5i 3 chac tir phdi 6ng. 

may 6p thuy lire van nAng co lire danh nghla 1600 -r 

2500 kN. ket hap v6i iram bom tu ddng. Ap lire thuy tlnh cua chat long can thiet d£ chf tao 
cac chi lift 6ng noi cua khung xe dap 6 thfri di£m k£t thuc quA trinh tao hinh cAn dat duac tu 
220 + 280 MN/nr. 


ViCc chf tao cac chi tifl 6ng noi cua khung xe dap cb mAt hay vai nhanh bang ap luc 
thuy tlnh co nen doc true phoi dugc dua vao trong chucmg irinh san xuat da dem lai hicu qua 
kinh if cao han nhiCii so v6i phuang phap sir dqng phAi diip-han do giam duac khtii luang 
lao dAng thu cong bang tay (han). 

Cac cAng thuc tinh loan d£ xac dinh do dai cua phoi va cac thong $6 c6ng nghe dirge 
gicti thteu trong cac tai lieu rieng. 
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6.3. TAO RA TRU0NG NHI$T D0 KHONG DONG NHAT TAI 6 BI^N DANG 
VA VUNG TRUYEN LUC 

Ban ch&i ciia phirong phap tang cudng mure dd bien dang cho phdi tren co so tao ra 
trong chung mot trudng nhidt dd khong d6ng nhat co the xac dinh dua vao sir ph&n tich 
nhurng 6iiu kien duy tri dd bin (hoac dd 6n dinh) khi dap vuot. Nhung didu kidn do la ung 
sutft keo hudng kinh Idn nhat khong dugc virgt qua urng su£t chay gidi han, la urng suat ma 
vdi gia tri cua no se xay ra su mat 6n dinh cue bd (xu£t hi£n “cd ngdng” tai vung truydn luc, 
chdng han nhu tai tidl dien nguy hiim cua san pham dap vuot). Neu su dung thuc nghiem de 
xac dinh quan hd: o* s = (1,1 -s- l,2)a b , ihl nhung di£u kidn tren (khdng tinh den lire ma sat) 
co the? dugc trinh bay dudi dang sau: 

p.a s .ln(R/r) = i,lcr b (6-2) 

Khi p = 1,1 ta co: 

R/r = K v = exp(a b /a s ) (6-3) 

trong do: 

a s - ting su£t chay tai 6 bidn dang; 

o b - gidi han ben tai vung truyen luc; 

R D 

K v - in lie do dap vu6t = — = — . 

r d 

Phan tfch dieu kien (6-3) chung ta co thd th&y rang: mere dd d&p vuot se tang l£n khi 
tang gidi han bdn tai vung truyen luc va giam a s tai vung bien dang deo. Do vay ngudi ta da 
dua ra hai phuong phap khi dap vuot: co nung ndng cue bo vung bien dang deo (vdi muc 
dich lam giam a s tai vung nay) va lam ngudi cue bd vung truyen luc (vdi muc dtch lam tang 
gidi hart bin d vung nay). 

Qua trinh dap vudt co nung nong vung bien dang deo dugc su dung chu yeu trong 
edng nghiep san xua't cac chi tiet cua thi£t bi bay dugc chi tao bang hgp kim nhdm va hgp 
kim manhe. Viec nung nong cue bo phan vanh phdi dugc sir dung khi dap vudt cac chi tiet 
hinh tru va hinh hop cao tir phoi phlng hoac de top va gian rong nhung phdi ong. Ngoai ra, 
ngudi ta con su dung de ldn ngugc va chdn d'ng phdi de che tao nhung chi ri£t co hinh dang 
phuc tap dang dng hai Idp. 

Nhiet dd nung tai vung bi£n dang tuy thude vao vat lieu phdi. Doi vdi nhdm va hgp 
kim nhom, nhidt dd nung khoang 400 + 450°C con ddi vdi hop kim manhe khoang 360 
380°C. Thdi gian dd ? nung phdi chu yeu phu thuoc vao chidu day cua no. Doi vdi nhtfng phdi 
bang hgp kim nhdm thi thdi gian nung thudng dugc x£c dinh bang edeh tfnh toan vdi 6 -s- 8 
gi£y cho 1 mm chi£u day. Khi dap vudt vide nung nong vung bien dang deo cua phoi dugc 
thuc hidn bang cac day dien trd Idng true tiep vao khudn (hinh 6.6). De tao su chenh lech ve 
nhiet do giura phan vanh phdi va tiet dien nguy hi6m, ngudi ta lam nguoi chay dap vudt bang 
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dong nirdc lanh chay lien tuc trong long cua chay. Do co khoang thai gian kha fan d£ nung 
phOi n6n qua irinh dap co nung n6ng thuang duqc ihuc hien tren c&c mdy ep thuy lire hoac 
iren cac may ep de’ dap chat deo. 



fltnh 6.6. So do khuOn d£ dap vu6t co nung nong 
va Dm nguOi cue bO phOi: 

1- coi ; 2* vanh chan ; 3- chay ; 4- day dien trd. 


Phuong phap dap vuOt c6 nung nong cue bO phOi se dac biet co hi£u qua khi che tao 
c£c chi tie! co tiet dien ngang khOng iron nlnr cac chi tict hinh hop vuOng. chfr nhau 0 van. 
dai g hinh s 6 8 v v... v6i ban kfnh luqn a g6c nho. Khi di)p vuOt c6 nung nong. sau mOt 
nguyen cong co the nhan diroc chi tiet khOng iron co chieu cao Ion han nhi£u so vai khi dip 
vuOt a nhiet do binh thuang. Hinh 6.7 cho thly sir khac nhau \6 chieu cao cua cac chi tiet 
bang hop kim nhom khi dap bang hai phuong phap khftc nhau. 
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Hinh 6.7. Cac chi tiet bang hop kim nhOm diroc dap vuO't co nung nong 
cue bO phOi va cac chi tie't dap vuOt bang phirong phap thOng thuang. 














Khi dap vud't cac chi lift bang hctp kim manhe MA.l va MA.8 co nung nong cue bo 
phSn vanh de'n nhiet dd 350°C thl mure dd bien dang giai han tang len 3 -s- 3,5 l£n so vdi khi 
dap vud't thong thiremg. Chu y rang: khi dap vu6t nhiet do nung tai 6 bien dang can phai dam 
bao tang dan tir mep trong cua 6 bien dang den mep ngoai dudng bao cua vanh. Khi do \rb 
lire bien dang cua ph£n vanh phoi se tang din lit ngoai vao trong mep coi. 

Trirdng nhiet do khdng d6ng deu tai 6 bie'n dang co the duac tao ra nhd sir thay ddi 
mat dd va vi tri phan bo cua cac phan tir nung, cung nhu viec lam nguoi cac phan rieng biet 
cua khudn. Ngoai ra, no cung co the duac tao ra blng each nung bang dong dien tiep xuc, 
dac di£m cua phuong phap nay la d6ng dien duac truy4n vao phoi qua cac tiep diem dirac bo 
tri chi & ducmg bao ngoai cua ph6i. Khi do tuy theo thcri gian nung, dd chdnh nhiet do tai 6 
bie'n dang (phan vanh) khoang tir 200 4* 650°C. 

Nhucrc di&n cua phuong phap dap vu6t co nung nong cue bd la ket cau khuon kha 
phtic tap va nang su£t lao dong thap. Nhung uu diem co gia tri cua no la co the giam dang ke 
so nguyen cong khi dap vuot cac chi titft hinh hop s&u voi tiet dien ngang co hinh dang phuc 
tap va ban kmh lucm a goc nho. 

Dap vud't voi viec su dung lam lanh s£u tren co so cac nhom kim loai nhat dinh co kha 
nang nftng cao do ben cua no duefi tac dung cua nhiet do rat thap. Khi lam lanh cac loai thep 
dstenit den nhiet do (-180 n C) se lam cho gich han chay, gidi han ben va mot so dac trung 
bin khac tang len. Khi do, dac trung ve tinh deo (chang han nhu do gian dai ty doi) cua no 
bi giam di mot chut (khdng dang ke) hoic han nhu khong thay doi. 

Vi du khi lam lanh thep 10 va 20 den nhiet do: -180 f) C thl gidi han bin tang len 1,9 + 
2,1 lan; con thep 12X13 thl gidi han ben tang len 2,3 lan. Do gian dai ty doi cua thep 10 va 
20 khi do giam di m6t chut, con thep 12X13 thi hdu nhu khong ddi. Viec lam lanh sau trong 
mdt khoang that gian rat ng£n va sau do nung nong den nhiet do blnh thudng cua cac loai 
thep tren diu khdng co anh hudng gi den trang thai c£u true cua no. 

NhCrng hien tugng ma chung ta vira neu tren duac ting dung khi dap vuot d£ nang cao 
dd ben cua tiet dien nguy hiem bang each lam lanh cue bd vung truyen luc. Khi do se ming 
cao dupe mure dd bien dang sau mot nguyen edng va do do giam duac s 6 nguyen cong, tang 
nang su£t lao ddng va ha duac gia thanh san phim. 

Qua trinh dap vudt co su lam lanh sau tiet dien nguy hiem cua chi tiet, duac thuc hien 
trong khuon dac biet (hinh 6.8). Dac diem cua khudn nay la voi mdi hanh trinh cua may cp, 
mot lieu lupng nha't djnh chat lam lanh dual dang nita long hoac kht hoa long co nhiet dd 
’-180°C duac truyen vao trong chay rdng theo chu ky, 

Khi chat lam lanh duac truyen vao trong chay rdng, qua trinh lam lanh chay xay ra r&'t 
nhanh, phoi mong duac tiep xuc vdi chay va bi lam lanh cung vcri chay tai nhttng vung tiep 
xuc. Do do, dd ben cua kim loai a nhumg vung nay duac tang len va tiet dien nguy hiem cua 
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chi tici co kha nang chju duoc lai irong ion hon so voi khi dap vudt 6 nhiet do thdng thubng. 
Thdi giam de lam lanh khoang 10 + 20 giay, vi vay qua trinh dap vudt c6 sir lam lanh sau 
can phai lien hinh tr£n cic mdy ep ihuy lire. Muc dd dap vuot gioi han doi vdi thep 10 va 20 
trong trudng hop ndy co ih£ dal 2,6 -r 3. 



Hinh 6.8 . So d6 khu6n de dap vudt co lam 
lanh sau lai lift dien nguy hi£m: 
i- cdi, 2- vanh chin. 3- chay rdng. 

Nhuoc di£m cua phuong phap dap vudt nay la ket can khuOn phuc lap va cAn phai sir 
dung nhfrng thiei bi lam lanh va iruyen chat lam lanh vao khudn. Tfnh iru vift cua phuong 
phap n^y Id giam duoc sd nguydn cdng khi dAp vudt cac chi lift hinh tru va co ih 6 dip dirge 
nhung chi net bang thep tarn mong co hinh dang phuc tap sau mOt nguyen cdng. 


6.4. GIAM NHE LUC M V SAT CO MAI VA NANG CAO LUC MA SAT C6 fCH Kill 
DAP Vll6T 

Khi dAp vudt, tren be mat liep xuc giOa phdi va coi phai sinh cac luc nia sat: F,, F 2 . F^ 
(hinh 6.9). Khi he s 6 ma sal p = 0,25 + 0,3 (khdng cd chat bdi tron) thl luc cAn thift dd bien 
dang deo thudng rtft Ion. Ty so gid tri cua cac luc ma sat nay nhu sau: F l = 75%; F 2 = 20%; 
F 3 = 5%. 

Do uic dung cua cac lire F,, F 2 , F 3 lam cho ung suit keo 6 lift dien nguy hie’m tang 
len. di£u d6 cd the’ dan dtfh sir bifti mong thanh va ihAm chi lam dui day. Vi vay can phai 
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rim moi bi£n phap d£ giam cac lire ma sal F,, F : v£ F 3 bang c£ch sir dung ede chit boi Iran 
co hteu qua va tang da nhfin b6ng cua dung cu va phdi. Cac be mat lam vifcc ciia ctfi vutfi 
edn phai mai nhdn (mat phdng vd mat tru), con mat cong dirge danh bong. 

Luc ma sat F A tren be mat litfp xuc giua phdn ban kwh liron cua chdv va ban thanh 
phdm, tac dung theo huring chuy£n ddng cua chay. v] chi ti£t bi keo va bien mong tai ti£t 
dien nguy hiem dich chuy&'n tuemg dtfi dtfi vdi chay v£ plu'a mat vanh. Lire ma sat F 4 se ngan 
can sir lan truy£n cua urng sudt keo vdo ti£t dien nguy hiem, ban chd su bien mong thanh. 


lam giam nhe tai trong 6 day va phdn ti£p giap vdi 
day cua chi lift. Luc ma sat F 4 ro rang la lire ma sat 
co ich. brii vi no ph£n bo lai ung sud'i 0 net dien nguy 
hiem lam giam ting suat keo tai ti£t dien n^y. Lire ma 
sdt F 4 cang Idn ihi sir bidn mong thanh cang nho. 

Danh gia chlnh xac su anh hudng cua luc ma 
sat xuA't hien khi dap vutfi, nham phue vu chu y£u cho 
vi6c nghien ctiu nlumg phuong phap moi d£ dap vuot 
tir phoi tarn. trong do phai den phuong phap dap 
vutft thuy - co. 

Thuc chat cua phuong phap dap vuot ihuy - co 
la: vi6c bien dang phdi dugc thuc hien bang chay 
cung trong khuOn r6ng chua day chat long (nude 
hoac dau). So d6 khudn d6 dap vu6t thuy - co duoc 
chi ra tr£n hinh 6.10. 

Khi chay I di xudng* dp luc cua chat long 
trong khoang 4 tang l6n den muc n6 co th£ chay qua 
khe ho giua phan vanh phoi 2 va c6i vudt J. Khi d<5 
cac luc ma sat co hai: F,. F : . F 3 bi giam dang ki, boi 
vi phan vanh phai dirge dich chuy&i giua mat girong 
cua vanh chan va mAt lop mong chat long. D6ng thai 
vdi vi6c tao ra ap lire thuy tinh cao cua chat long, ap 
luc phap iuy£n len b£ ngoai cua chi tiet dap vudt, do 
ap lire ciia chat long d6ng d6u theo moi phuong gay 
ra. cung duoc tang len. 

Di£u do dan d£n lam tang luc ma sat F 4 va ti£t 
dien nguy hiem duoc giam tai. 



Phuong phap dap vuot thuy-co nham lam giam 
cac lire ma sat c6 hai va tang lire ma sat c6 (eh da 


Hinh 6.10. Khu6n d6 dap vuot 
thuy - co. 
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nang cao duac mijrc do bien dang gidi han cho phep, do vay sau mdt nguyen c6ng co th£ dap 
duac chi tiet co chi£u cao tirang ddi H/D > 1 vdi ban kinh liron a day nho va dac bi£t co chat 
luang be mat chi ti^t r£t cao do phdi khong tidp xuc vdi be mat cdi. 

Nhuac diem cua phuong phap dap vudt co khf - thuy luc la nang luqng tieu hao cua 
may ep ldn do lire bien dang c3n thiet ldn han (2 +• 3) lan so vdi khi dap vuot thdng thudng. 
Didu do la do phSn ldn nang luqng bi tieu hao vao c6ng viec chong lai ap lire cua chat long 
(den 80%). 

Ngoai ra, ap luc chan cua tam chan cung can phai ldn han so vdi khi dip vuot thong 
thudng, bai vi khi giam img suat keo rai 6 bien dang do giam duqc cac luc ma sat co hai: F u 
F 2 va F 3 thi theo dilu ki£n deo, irng sua't nen a z cln phai tang len, dieu do se dan den lam 
tang xac xudt xuat hien ndp nhan. 

Dap vudt bang thuy-co sau 1 * 2 nguyen cong co the chd tao duqc cac chi tiet hinh 
con, cac chi tidt hinh cau, dang parabol irong khi phuang phap dap vudt thOng thuang trong 
coi ciing, 66 co the che tao duac nhung chi tiet nhu vay cin phai tir 3 + 4 nguyen edng hoac 
nhidu han. 

Cac thdng so chu ycu khi dap vudt thuy-ca la chidu day toi uu cua lop chat bdi iron 
dudi vanh phdi va luc chan phdi. Phan tfch su chuyen dong cua cac ldp chat bdi tran, tren ca 
sa ly thuyet chay ting cua chat long, cho phep chung ta co thd xac djnh duac tfnh qui luat ca 
ban cua cac cong thtre tmh toan 66 xac dinh cac thong s 6 cua qua trinh c6ng nghe. 

Dua tren nhung ca sa nhu v£y, V. I. Kazatrenco da xac dinh duac rang: khi dap vudt 
thuy-cd, neu tdc dd dap tang len, do nhdt cua ch£t long tang va kfch thude cua chi tiet dap 
vudt tang thi luc bien dang se tang len. Luc bidn dang se giam di khi chidu day cua ldp chat 
bdi trdn tang. 

Ap luc cua vanh chan duac xac dinh bang thuc ngh£m doi vdi cac didu kien khac nhau 
cua qua trinh dap vudt. Ddi vdi thep 08 Kff va thep 10 thi ap lire chan tir (4 h- 6) MPa khi 
muc dd dap vudt K v] = 2,6; K v2 - 1,7; K v j = 1,6. 

6.5. DAP VUdT XUNG 

Dap vudt xung duqc thuc hidn trong khudn co vanh chan dac bi£t, vanh chan nay co 
chuyen ddng dao ddng (xung) doc theo true cua chi tiet dap. Nhu vay, d thdi diem ban diu 
qua trinh dap vudt xay ra khong co chan phdi kem theo su xudt hien nhung song nhan ldn 
(hinh 6.1 La) va sau do duac nan phang (la phang) phan vanh bdi chuyen dong dao ddng cua 
vanh chan (hinh 6.11 .b). Trong chu ky dap vudt khdng co chan phdi, se khdng co luc ma sat 
sinh ra do sir truqt cua vanh phdi ddi vdi b 6 mat lam viec cua tam chan, do do ting suat keo 
hudng kinh cua tiet dien nguy hiem se nho han so vdi khi dap vudt co chan phdi. Qua trinh 
dap vudt vdi su chu dinh tao thanh song nhan va sau do la phang phan vanh la do su sang tao 
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cua E. S. Sizob va cac c6ng sir cua dng. Khi dAp vuot vdi chan xung, muc do dap vuot cho 
phep co thi dat: [K v ] = 2,5 + 2,9 va chieu cao cua chi ti£t sau m6t nguyen cong (co nhi£u 
birac) co thi 1dm han tu (2 + 2,5) lan so vdi khi d^p vuot th6ng thudng. Khi dAp vutft cac chi 
tiet co dang hinh h6p thi phuang phap dAp vuot xung la co hieu qua nhat, khi do mire do dAp 
vudt cho phep 6 goc hop co the dat: fK v ] = (10 -i- 12,5) trong khi phuang phap dAp vu6t 
thong thuang chi co thi dat duac [K v ] = (2,9 + 3,3). Di£u do cho phep giam dang ke s 6 
nguyen c6ng dap vudt, neu cung m6t chi tiet yeu cAu thi phuong phap dap vud't xung co the 
thay the cho (3-^4) nguyen cong dap vu6t thong thuang. 




Hinh 6.11 . Cac giai doan cua qua trinh dAp vu6t xung: 

a- giai doan dAu: su xuA't hien cua song nhan; 
b- giai doan sau: nAn phAng song nhAn bdi vong chan. 


Vi6c ap dung phuang phap dap vudt xung se rA't hop ly khi che tao nhung chi tiet 
hinh tru co chieu day tuang doi cua thanh: S () = S/d n ^ 0,03. Khi do, ban kinh luon mep lam 
vice cua coi can phai nho hon 2 -s- 3 lan so vdi khi dap vuot thOng thudng. Gia tri ban kinh 
luon cua coi co the xac dinh theo c6ng (hue kinh nghiem: 


r c = S.(0,25 + 



(6-4) 


trong do: 

So = S/d n - chi£u day tuang doi cua thanh chi titft; 

S - chieu day vAt lieu ph6i; 

d n - dudng kmh trong cua chi ti£t = d ch (dudng kfnh chay). 

Theo c6ng thurc (6-4) khi S t) > S/d = 0,01 -r- 0,03 thi r c = (3 ± 6)S. 

D6 co the nan phAng hoan loan phan vanh phoi va tao dieu kien tot nhA't khi no truat 

tuang doi vdi hi mat tiep xuc cua dung cu thi phAn lam vi6c cua tam chan (mat guang) c£n 
phai co mOt phan vanh phAng vdi chilu rong tCr 3 + 5 mm, ngay sat dudng bao trong cua no, 

phdn con lai ciia mat guang duac lam edn vdi goc nghieng nho: 0 (1 30’ -f- 1°. 
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BiOti do dao dgng cua vanh chan f va hanh trinh dcm vi cua chay h ch sau mOt chu ky 
mach dOng dugc xac dinh thco cong thuc: 

f = 0,05 (Kv-l).d ch 
h th = (0.1 * 0,2).f 

irong d6: 

d ch - dircmg kfnh cua chay; 

K v - mure do dip vu6t. 

Khi dap vuOt xung th'i lire xung dirge tao boi vanh chan c£n phai Ion lion 3 + 4 lan so 
vdS luc dip vuOt d£ keo phOi vao irong c6i boi chay vuoi; boi vi chi co nhu vdy moi co the? 
dam bao la phing dirge cac s6ng nhan xuit hidn ihco chu ky 6 ph£n vinh phOi 

DO c6 ihO dip vutft xung, nguoi ta thuong sir dung may ep chuyfcn dung, tac dung kep 
c6 cac luc danh nghTa: 500/1000 kN; 1000/4000 kN vi 2000/3000 kN, tirong ting v6i dau 
trugt irong va diu irugt ngoai cua may. 

6.6. TAO RA 6 BIEN DANG CIJC BO 

Trong san xuii hang loal vi hang loal nho, nguoi ta ihuOng sir dung nhfrng phucrng 
phap khac nhau da bien dang deo kirn loai. Time chit cua nhung phucmg phap niy la dung 
cu bi£n dang (chay. coi. con Ian, qua edn) chi tifp xuc voi phoi irCn m<M phan difcn cfch nho 
(cue b6) vi lao ra 6 bitfn dang deo lai vung ti£p xuc d6. 
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11 in ft 6.12 . So do cac qua trinh lao hinh 
bang bi£n dang cue bo. 

a- miei (dip vutfl quay ); b- dip voi dung 
cu chuyfin dong quay lie va linh lien; 
c- can mat ddu (khong bien mong va 
c6 bi£n mong). 


c) 
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6 bien dang deo nay lien tuc di chuyen theo mot quy dao da cho. Khi do se giam duqc 
lire bien dang, lire ma sat co hai, nang cao d6 bin cua dung cu, dan gian hoa ktfi c2fu cua no. 
Diiu do tao ra kha n&ng co Ihi san xuat duqc cac loai chi tiet ldn vdi cac phuong ti6n nhb de 
che tao cac trang thi£i bi co ldn. 

Nhung phuong phap gia cong kim loai thude loai nay bao gom: miet (dap vubt quay); 
d£p vdi dung cu chuyen d6ng quay; can mat diu va phan vanh cua ph6i r6ng; can rang cua 
banh rang; can ren va ranh then hoa v.v... 

Khi mi£t (dap vuot quay) phoi duqc quay cung vdi duong va true tua, con dung cu ep 
dudi dang con lan (hoac g£y miet) duoc dich chuyen theo hudng ti€p tuyen vdi dudng (hinh 
6.12a). Khi dap vdi dung cu chuyen dong quay thi phOi khong quay, con dung cu (chay hoac 
coi) co chuyen d6ng Uc va ti£n doc theo true cua chi ti£t (hinh 6.12b), Khi can mat d£u, 
phoi chuyen d6ng quay xung quanh true cua no, con con lan co true dirqc b 6 trf vuong goc 
vdi true phdi, truyln ap luc len mat &iu cua phoi lam cho phoi bi bien dang (hinh 6.12c). 

Cac dang chi tide dien hinh duqc chd tao bang phuong phap gia cong chuyen dong 
quay, duqc biin didn tren hinh 6.13. D6 chmh xac kich thude cua cac chi titft nay tuong Ling 
cap 8-5-11, con dd nhan be mat dat: R a = 5-5- 0,63. 

Nang suat khi gia cong bang phuong phap chuyen dong quay thudng tha'p hon so vdi 
nang suat khi dap tr^n may ep (5 -5- 10 chi lidt/ phut) trir phuong ph£p can ren va ranh then 
khong sau trdn cac may tu ddng chuyen dung. 



Hinh 6.13. Cac chi tiffl duqc chd tao bang phuong phap bid'll dang cue bo: 
a- can mat d&u; b- dap vdi dung cu chuyen dong quay; c- miet. 
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Chu&ng 7 

CAC PHITONG PHAP DAP TAM BANG XUNG LUQNG 

7.1, DAP BANG XUNG LGONG CUA CHAT NO 

Nhung phuang phap dap bang nang luqng xung bao g6m: 

- Dap bang nang luqng cua chat n6, 

- Dap bang sir phong di£n trong chat long (dap bang xung dien thuy lire), 

- Dap bang xung lire cua tu trubng. 

Phuang phap dap bang nang luang xung co the thuc hien cac nguyen cong cat, dot, 
cac nguyen cong tao hinh va nhtfng nguyen c6ng uon trong dap tarn. 

Dap bang nang luang xung thudng ap dung cho ‘ an xuat loat nho, bdi vj cac trang 
thiet bi chi duqc sir dung cho ri£ng tung trudng hop chi tiet cu the, chu yeu qua trlnh dap 
thudng duqc tien hanh tren c6i cung (khong co chay). 

Khi dap bang nang luqng xung, ngoai luc (ap luc) tac dung len ph6i trong m6t khoang 
thdi gian rat ng&n, thudng duac tmh bang mot phan cua mili giay. Vi vay, c6ng suat cua 
nang luqng xung rat 1cm. Dae diem xung duqc su dung nhu ngoai luc lam bien dang deo phoi 
duqc keo dai va sau do ket thuc su tac dung cua xung. Dieu do la do su tac dong cua luc 
quan tmh, xuat hien trong qua truth truyen xung. 

Dac tmh xung, toe dd cao duqc sir dung lam tai trong d£ gia cong ph6i, chu y£ii la de 
cai thien dieu kitn bia'n dang nhu: nang cao nhiet do cua 6 bien dang, lam xu& hien nhung 
luc quan tmh co ich, Jam giam luc ma sat, cue b6 hoa 6 bi£n dang. Tat ca nhung yeu to do, 
d&u nham lam giam luc bien dang va cai thien chat luqng cua chi tiet dap. Ngoai ra, uu diCm 
cua dap bang nang luqng xung la luqng kim loai su dung cho thitft hi nho hon so vdi luqng 
kirn loai su dung cho cac thiet bi tieu chu£n. 

Ngay nay, vdi mtfc dd phat trien cua cong nghiep che tao may dien va che tao may 
hoa cung vdi sir phat tri£n manh me cua kl thuat ten lira, lien quan mat thiet vdi viec gia 
cong cac loai vat lieu kim loai va hop kim kho bien dang, co do bin cao va chiu nhiet. T&i 
ca nhung yeu to do cung vdi su khdng rigtrng tang len v£ mat kich thude cua cac chi tiet may 
va ten lira mdi duqc thi^t ke da thuc day su can thiet dua ra phuang phap gia cong kim loai 
bang ap lire dudi dang xung, trong do co phuang phap dap bang nang luqng chat n6. Ci Lien 
X6 phuang phap nay da duqc sir dung tir nam 1949 tai hoc vien Hang khong Khaccop. 

Khi dap bang nang luqng cua chat n6, nang luqng song xung ki'ch cua chat n6 duqc 
truy£n qua moi truong chat khi hoac chat long, l£n phoi. Do do phoi bi bien dang deo theo 
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hmh dang cua long coi da dugc tinh trudc. 

Ngoai ra, nang lugng cua chat 116 con dugc sir dung dS truyen d 6 ng cho thiet hi dac 
biet, trong do nang Iirgng cua chat no dugc bien d 6 i thanh dong nang cua mot b 6 phan 
chuyen dong va do do trd thanh dong nang cua dung cu khuon. Nang Iirgng cua thude n 6 
BB, dirge 11 6 trong nude, bj phan tan giua cac ldp song va d&p va dugc lao ra khi cho n 6 bang 
bot khi. Song va dap chi truyen m 6 t phan nang lugng cua no len phoi va lam cho phoi bi 
bien dang deo, ph£n nang lugng con lai dugc phan xa tir bi mat ph 6 i va song va d&p Lai 
chuydn ddng theo hudng ngugc lai. 

Sir thay d 6 i hudng chuyen ddiig cua song va dap gay ra hi£n tugng m 6 t vung khi bi 
xam thuc, trong do xuat hien mot s 6 lugng ldn bot khi va cac 16 trtfng (h'inh 7.1). Th 6 tich 
cua khdi khi bi xam thirc co mot nang lugng nhat dinh va lam cho phan nang lugng nay dugc 
truyen vao phoi lam cho phoi tiep tuc bj bidn dang deo. Cac bot khi tang I 6 n dudi tac dung 
cua cac san ph^m dang khi cua qua trinh nd, gay ra luong chtfl long chuyen d 6 ng theo hudng 
kinh va cung co kha nang lam cho phoi hi bien dang. 

De dap bang nang lugng cua chat no, ngudi 
ta thudng sur dung chat no tac dung ch&m va chat 
n 6 tac dung nhanh. Cac loai h 6 n hop khi chay va 
khi hoa long la cac loai thuoc n 6 tac dung cham vdi 
nhieu loai khac nhau. Cac loai chat no tac dung 
nhanh nhu: trStyl, nitorat amoniac va cac hOn hop 
cua chiing (amonit) v.v... Di che tao cac chi tiet co 
kich thude ldn bang kim loai tam ngudi ta thudng 
su dung trdiyl, no dugc coi la thuoc n 6 lieu chuan. 

Vi the tat ca cac thong s 6 tinh toan dugc coi la ihuc 
hien vdi vice sir dung chat nd trdtyl. 

D£ kich n 6 cac ch&'t no tac dung ch£m va 
ch^t no tac dung nhanh, ngudi ta thudng sir dung 
cac chat kich n 6 (kip n 6 ) trong so do co cac chat n 6 
tac dong cue manh (ching han nhu: fuminat thuy 
ngan Hg(ONC) 2 ; chi azit PbN 3 v.v...). 

Vide cho n 6 cac ngoi 116 (kip nd) dugc thirc 
hien bang dong didn hoac tac dong co hoc: va dap 
vao kip nd. 

Cac chat nd BB noi chung (hay trotyl noi rieng) thudng dugc due thanh thoi, hoac nen 
cp, hoac dugc hoa deo. H'inh dang cua khdi thuoc n 6 tuy thude vao hinh dang cua chi tiet 
dap va thirc nghiem dugc chon (hmh cau, h'inh tru, hlnh edn, tam phSng hoac tam da ddt 16 
v.v...). 



Ilinh 7.1. So do truyen nang lugng 
chat nd l£n phoi: 

1 - phoi; 2 . coi; 3. phan xa cua 
song va dap; 4- vung khi bi 
xam thuc. 
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Cac thiet hi dac biet dircrc che tao va khai thac sir clung de dip hang nang luong cua 
chit nd bao g6m hai dang chinh: thiet bi - khu6n va trang thiet bi - miy. 

Thiet bt - khudn dugc chia thanh hai phin: phin cd dinh (nhit be nude) va phdn di 
dOng (cic thiet hi tren mat dit). De c6 the dip cic chi tiet ldn, co dudng kfnh 3000 mm hoic 
ldn han ngudi ta thudng sir dung thiet bi cd dinh dang be nude (hinh 7.2a>. Be nude / dugc 
lim bang be tdng cdt thep. mat trong cua be dirge bgc mdt lop thep tim day de de phong sir 
phi huy (hinh be. Tram bom hut chin khdng 2 nham de hiit khOng khi ra khoi h6c lam viec 
cua edi va tram bam nude $6 3 de bam nude vao be va bam nude vio bdn chua 5 khi can 
thiet phdi kie’m tra be yi lam sach be. C4n ciu nang 4 dung de lap dal edi 6 va phdi dip. 

Coi de dap bang nang hrgng cua chit nd thudng dugc che tao bang hap kim kern, 
nhdm tai sinh. thep due v.v... Khi dudng kfnh cua chi titft dip ldn han 2000 mm thi vit lieu 
co chat luong de che tao c6i li be tong cd vo bgc bing kim loai. Be mil lim viec cua cd'i nhtr 
vay se dugc phti mdt lap thuy linh deo hoic epoxi. 




b) 


Hinh 7.2. Thiet bi de dip nhung chi tie't ldn (a) va chi net trung binh (b). 

Trong nhfrng nam 60 cua the ky 20 a Lien Xd. ngudi ta da dua ra nhung phuang phdp 
dip khdng cin be nude, dugc thuc hien true tiep trong phin xudng vdi bon chua bing thep 
de dip bing ning itrgng cua chit nd, cho phep ning cao dugc nang suit lao ddng do sir dung 
dugc tay may, cai thien di£u kien lao dang, ning cao tudi tho cua thiet bi. 

Dip bing ning Urgng cua chit nd. dac biet dugc sir dung rong rai trong san xui't loai 
nho va dan chide. Khi dip cac chi net cd dang day ndi hoi. khoang cich tdi tm tir khdi chat 
nd den phdi, vio khoang (0,3 + 0,5) dudng kfnh cua chi tiet dap. Chidu cao cua cot nude d 
tren khd'i thude nd bing (1,5 2) lin khoang edeh tir khtfi thude d£n phdi. Neu cot chit long 

d tren khdi thude cang ldn, thi sir phut nude ra khoi be cang nho. 
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Cac thiei hi <li ddng tren mat dal dang nifa kin dirge sir dung 66 dap cac chi ti£t co 
kfch ihudc irung hinh (hinh 7.2b). Trong thiei hi nay, phdi dirac dal l£n c6i 1 va cac vong 
d'ng 2 se ep len mat vanh ciia phdt. Bdn irong ede 6ng dd day nude c6 khoi ihutfc nd BB. 
Sau khi cho nd khoi thud'c, nude dirge lhao ra khoi c6i va chi liei da dirge dap xong. Khi dap 
cac chi tidi kh6ng sAu, d mat dirai cua cac ong ngudi la kep nioi mang cao su. Trong trudng 
hap nay chi edn dd nude mot lan, khi dat phdi mai va thdo sail pham dap, ngudi la nhAc ca 
ong ciing vdi nude ra khoi khuon. Thay cho cac dng 2 ngudi la c6 thd sir dung cite c<5c bang 
caciong 66 dap mdt kin. 

Ngoai c<ic chai nd BB lam cac phan tir mang nang lugng, ngugi la c6n sir dung cac hdn 
hap kill khac nhau, bao g6m nhung lhanh phAn 66 ktem va re ti£n nhir: khi metan thidn 
nhien hoAc hoi xAng irong h6n hgp vdi oxy cua 
khdng khi. Dieu do md rong pham vi sir dung 
phtrong phap dAp bang chat nd. bdi vi vide sir 
dung ede hdn hop khi khdng co lien quan d£n 
nhung di£u kidn dac biei, chAng han nhir vide 
bao quan chAi nd. Dir iru nang lugng cua cac hdn 
hgp khi khdng ihua kem so vdi cac chai n 6 ran 
(66\ vdi khdi lugng luong ung bang nhau), nhung 
gid tlianh cua mdt dan vi nang lugng do chai khi 
thi thtfp hen nhi£u so vdi gia tlianh khi sir dung 
chai nd BB. 

O Lidn Xd (cu) ngudi ta da ch£' tao mOt 
loai thict bi 66 dap bang nang lugng khi nd cac 
hdn hop khi. Sa 66 kei cA'u ciia mdt trong nhirng 
thiei bi nay dugc chi ra tr£n hinh 7.3. 

Nguyen lam viec ciia thiei bi nhu sau: 
sau khi kep phdi 2 len edi 7, ngudi ta cho vao Hinh 7.3 . So d6 thiet bi 66 dap 
trong budng ddi 3 cac thanh phdn ciia hdn hgp bang su nd cac h6n hgp khi. 

khi vdi mot ty Id nhat dinh. Ngay sau do dd't 

chdy h6n hop khi bang cac tia lira do thiei hi danh lira 4 tao ra. Do tac dung ciia song tdi va 
sdng phan xa. phoi kim loai nil An dirge mot lugng nang lugng nhAi dinh dudi dang xung, lam 
cho nd bj bte'n dang deo va cd hinh dang nhu hinh dang hd'c lam viec cua cd'i 7. Anh hudng 
ciia Am lhanh khi dd khdng dang k 6. Sau do, ngudi ta thdi sach buong d6t bAng khdng khi 
nen vd thay phdi mdi. 

7.2. DAP BANG XUNG DIEN THUY L\JC 

Ban chA't ciia qu4 trinh dAp bAng xung didn thuy lire la su tac dOng cua sdng va dAp 
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duoc gia l6c do sir ph6ng di£n cua c£c cung lira di«^n irong chit long, lam cho ph6i bien dang 
theo hinh dang cua long ctfi cung. Khi do nang luong xung dien cue manh bife’n th^nh nang 
luong ca hoc. giy ra sir bie'n dang deo cua phOi. 

So d6 nguyfin ly cua thifi't bi dd dap bang xung difin thuy lire duoc chi ra trfin hinh 
7.4a. So d6 c6ng nghe bao g6m c6i b6n chua niroc 5, ca c&u kep s6 7 va c;ic difin cue lam 
vi^c 6. Qua may tang ap / va b6 nan dien cao ap 2. dong difin dao d6ng trong bo tu dien 3 
vdi dien dung I6n. Tai day difin ra sir ttch luy nang luong cho den khi dal duoc gia tri can 
thiet. Sau do c6 sir ngan much giua cac dien cue cua b 6 phong dien 4 tao ra cung lira dien. 
Do khe ho giua cac difin cue trong chat long bi danh lining, tao ra kfinh dan dicn cho su 
ph6ng difin. m6t phan duoc difin day do sir ion hoa chat khi. 



Hinh 7.4. a- So do nguyfin ly thifii bi dfi dap bang xung dien thuy luc; 
b- Hinh dang bfin ngoai cua thi£t bi; c- Cac dang chi tiet dien hinh duoc 
dap bang phuong phap xung - dicn thuy luc tir phoi phang va phOi 6ng; 
d* So do cum lam vise khi dap phGi 6'ng va ph6i phang. 

Sir ihoal nang luong nhanh trong ranh dan difin dan den sir nung n6ng cue manh cac 
phan tu trong do va lam bay hoi ttic thoi cac phan tu chat long 6 phan thanh ciia no. Nhfrng 
phan tu nay bi phan ly va bi ion hoa. Do d6 trong ranh dan difin tao thanh cac plasma ma 
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nhiet dp cua no c 6 the dat 4.10 4 (°K). Khi do su gian no tire thofi cua kenh din dien trong 
chat long sinh ra song va dip, tac dung len phoi va co the tao ra ap lire khoang 100 + 140 GPa. 
Tuy theo ban chat va dac diem cua dong dien tu, phuong phap dap no bang xung dien thuy 
lire co kha nang lam bien dang hoac cat dpt cac loai vat li£u khac nhau. 

Phuong phap dap bang xung di£n thuy lire cung nhu cac phuong phap dap bang nang 
lupng cua chat n 6 co uu diPm hon la: no cho phep bien dang dupe cac kim loai va hop kirn it 
deo, kho bien dang di nhan dupe cac chi tiet co do chinh xac kich thucfc cao do bien dang 
dan hoi nho; khong can phai sir dung nhung thiet bi va khuon hien dai, to lofn, nang ne va dat 
ti£n; co the thuc hien bi£'n dang cue bo cac ph6i r<5ng bang cac xung hucmg lir tam phoi ra 
dudng bao ngoai v.v... 

Uu 6'iim cua phuong phap dap bang xung dien thuy luc so vci phuong phap dap bang 
nang lupng cua chat no la: co kha nang lap lai xung dien mpt each de dang khi edn thiet ma 
khong edn phai diPu chinh lai cum cOng nghe; co thP tu d 6 ng hoa qua trinh dap va co th£ su 
dung no trong day truyen cOng nghe. 

Ngudi ta da sir dung hai phuong phap bien dpi nang lupng dien thanh co nang: phdng 
dien qua khe ho trong chat long va phong dien qua day din. Trong truong hop ddu cac dien 
cue dupe tach ra bbi chit long, con trudng hop sau, cac dien cue dupe noi vPi nhau bang day 
din va dupe goi la su phong dien bang ngoi n 6. Viec sir dung ngoi n 6 de phong dien da cho 
phep giam dupe dien ap lam viec va do do viec each dien cua cac dien cue don gian hon. 
Dien ap lam viec khi phong dien qua chit long cin phai dat khoang 20 -*■ 30 kV, trong khi 
phong dien qua day dan chi can 4 -s- 7 kV. Day din de lam ngoi n 6 co duemg kfnh 2 mm 
bang manhe, nhom, vonfram hoac cac vat lieu khac. Nhupc diem chii yen cua viec su dung 
ngoi i\6 la cin phai thay thP sau m 6 i Un dap, diPu do lam giam nang suat va gay kho khan 
cho viec tir dong hoa qua trinh dap. 

Cac chi tiet dien hinh dupe dap bang xung dien thuy luc tCr ph 6 i phang va phoi dng 
dupe chi ra Iren hinh 7.4c va cac cum c 6 ng nghe khi dap (hinh 7.4d). 

Khi dap bang xung dien thuy luc co the tao dupe cac chi tiet co hinh dang phurc tap 
voi so nguyen cong ft han so veri khi dap bang chay, c6i thong thuong tren may ep. S 6 di nhu 
vay la vi khi dap bang xung dien thuy luc, ap luc dupe truyen len ph 6 i d 6 ng deu hon v 6 i toe 
66 cao hon so veri khi dap trong khubn ciirng; bien dang cue bp nho cho phep giam dupe 
chi^u day cua phoi trong nhi£u trudng hop. Ngoai ra, dap bang xung dien thuy luc con cho 
phep che tao dupe nhung chi tiet co dp chmh xac kfch thude cao khi tinh chinh a giai doan 
ke't thuc qua trinh tao hinh. Phuong phap dap bang xung dien thuy luc co the dupe su dung 
de che tao cac chi tiet bang each tao hinh tir ph 6 i Png, dap vupt cac chi tiet co hinh dang 
phuc tap tir phoi phang, dap tao hinh gan, tinh chinh cac chi tiet vo 6X6, lap ghep cac chi tiet 
bang phuong phap dap (gian rpng, ep v.v...) dpt 16 (phei phang hoac ph 6 i Png); cat hinh cac 
chi tiPt va phoi tu tSm mong, top, gian rpng v.v... Phuong phap dap bang xung dien thuy luc 
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duqc su dung de ldp ghep cac dng trong he thong 6ng d5n cua cac thidt bi trao d<5i nhiOt dac 
biet co hieu qua. Co the che tao cac chi tifct rOng co chi£u day thanh den 4 mm va kfch thuoc 
vanh den 650 mm. Nang suat d$.p co tb£ dat 60 chi tidt m6t gid. 

Dap bang xung diOn thuy lire duqc thuc hidn trdn cac may ep thuy luc chuyOn dung, 
trong do lap dat cum cOng nghd. May ep de dap bang xung dien thuy luc co nang suA't cao va 
Idn nh£t la loai may n.3.r.l00 co nang luqng phong dien den 100 kJ. May co thd dap duqc 
chi tiet phirc tap tir phOi phang co kfch thude 1200 x 900 x 3 mm. Tmh chdt van nang v6 
cong nghe cua may duqc the hiOn d ch6 co the lap dat cac diOn cue cua may d 10 vi tri khac 
nhau. Luc chan cua may ep co the dieu chinh duqc v6 c£p trong khoang tir 0,5 * 2,0 MN, 
Chd d6 lam viec cua may co the d che do di6u chinh cung nhu d che do tu dOng. 

Viec tmh toan nang luqng cua thiet bi didn thuy luc din den viec xac djnh nang luqng 
duqc tfch luy cua b6 tu diOn edn thifc't de bien dang deo phOi: 

Aifch iuy = C. U 2 /2 (7-1) 

trong do: 

C - diOn dung cua bo tu dien; 

U - dien ap tren tu diOn. 

Nang luqng rich luy A lfch ]U y c^n phai dam bao khong nhd hon nang luqng can thiet dc 
bien dang phoi: A b co tfnh den hieu suit cua thiet bi: 

dung — luy ,T 1 

Nang luqng bien dang duqc xac dinh do ket qua cua viec tfnh toan cong nghe. 

7.3. DAP BANG XUNG LlTC CUA Tl/TRUtJNG 

Ban chit cua qua trinh dip bang xung luc cua tir trudng la viec sir dung luc co diOn 
sinh ra do su tac dung tuong ho cua tir trudng cam ting va phoi, chung da’y nhau vdi m6t toe 
do cao trong mOt khoang thdi gian rit ngin. So do nguyOn ly thift bi de dip bang xung luc 
cua tir truang tuong tu nhu so d6 ciia thiet bi de dip bing xung diOn thuy luc ma chung ta da 
khao sat 6 hinh tr£n {hinh 7.4a). Su khac biOt la 6 cum cOng nghO, trong thiit bj de dap bing 
xung dien cua tir trudng, no bao g6m edi (hoac chay) va bo cam ting. Tuy thuoc vao dang 
nguyOn cOng cong nghO va hinh dang cua phoi bq phin cam ting co the la phang (nfiii phOi 
phang) hoac co dang xolOnOit (neu la phOi dng). 

Khi co su phong diOn ciia bo tu dien, tren bq cam ting se phat sinh tir trudng cong 
suit ldn xung quanh no, hudng cac dudng sure cua tir truang vao trong phoi kim loai. Su tac 
dung tuong hO ciia tir trudng cam ting va phoi tao ra luc co hoc, co kha nang lam biin dang 
phoi theo hinh dang ciia coi (hinh 7.5a, c) hoac theo hinh dang ciia chay (hinh 7.5b). Luc tac 
dung ciia tir trudng ty 10 vdi nang luqng duqc tfch luy trong b6 tu dien. Su phong diOn xay ra 
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gSn nhir tire theti 40 -=- 50 mierd giay, khi do ph6i duac gia toe va. bien dang ttic thcri, tte'p xuc 
vai dung cu, vefi toe do 200 -s- 300 m/s va ap luc ten ph6i co the dat 2.10 6 GPa hoac I6n hon. 

Nhung kim loai co do dan dien cao (di£n trd nho) nhir: dong do, nhftm, d6ng thau 
v.v... thi kha nang bien dang ttft hon so vdi cac loai kim loai co d6 dan dien tha'p nhu: thep, 
titan v.v... Nhumg kim loai co d6 dSn diSn thap co thi tao hinh bang phuang phap xung luc 
cua tir trudng vai dieu kiSn no duac ma mot lop mong dOng do hoac nhom; hoac sir dung 
t&m giay kim loai bang dong do hoac nhom de dSm lot giura ph6i va b6 phan cam ting. 

Mot trong nhting bd phan lap rap quan trong nha't cua cum cong nghe la b6 phan cam 
ling. Nguefi ta che tao bd phan cam ting nay bang cac ong, cac ttfm, bang hoac cac loai day 
tier dien tron hoac chu nhat bang d6ng do. Do mat do dong dien chay theo dudng xoay 6c 
cua b6 phan cam ting khdng dong deu (dong dien chay chu yeu 6 phan vo ngoai cua day 
dan) nen bo phan cam ting duac lam bang thep boc m6t lap kim loai co d6 dan dien cao la 
hop ly nhat. Bo phan cam ting nhu vfty se co do ben cao han vai nhung chi so dien cao. 

Sir toa nhiet xay ra khi phong dien lam cho bo phan cam ting bj nung nong. Vi vay, de 
tang tu6i tho cho bo phan cam ting, ngubi ta thubng lam r6ng de co the lam ngu6i no bang 
dong nuac chay ben trong. Bo phan cam ting duac ldp ghep trong mot 16p vo thep dac biet va 
duac boc m6t lap vat lieu each dien co cot la chat deo thuy tinh taim keo epoxi. 

De tap trung luc tao ra bai tir truemg vao mot viing rieng biet nao do cua chi tiet dap, 
cung nhu viec phan bo luc dong deu han tr£n cuon day cua bo phan cam ting, ngubi ta 
thucmg su dung nhung dia tap trung tir trudng. Do la nhting dla dang khoi co 16 a tern va 
dupe che tao bang vat lieu co do din dien tot va co do b£n cao (ching han nhu dong thanh 
berili). Nhung dia nay duac se ranh theo huang kinh de ngan ngira kha nang tao thanh dong 
Phuco trong chung (hinh 7.5e), Nhung dia nay co thi lam giam dong tir th6ng hoac tang 
cuong d6 cua no tai nhung ch6 cin thiet cho sir bien dang cua phoi. 

Thiel bi de dap bang xung luc cua tir truoug bao g6m: bu6ng nap dien, bp rich luy 
nang ludng va ban dieu khien. M6t trong s6 thiet bi nay la may dap: YMUJ-15/5 co cong 
suat 15 kJ vdi dien ap lam vice 5 kV. May nay co the dap cac chi tifft tir ph6i phing, co 
chieu day 1,5 mm hoac co the dot 16 co kich thutic 150 x 150 mm (hinh 7.5d). May y3MLLl- 
1 co cong suat 40 kJ va dien ap lam viec 50 kV co the tao hinh cac doan ong co duang kinh 
den 1000 mm va chieu dai d6n 1500 mm. 

Viec tinh toan nang luong cua thiet bi de dap bang xung luc cua tir trircuig cung 
gidng nhu khi dip bang xung dien thuy luc, deu dan den vice xac dinh n5ng luang duac rich 
luy trong bo tu di^n c^n thiet dd: bitfn dang deo ph6i theo cong thtic (7-1). Tuy thuoc vao ket 
cau cua bo phan cam ting va do dan dien cua phoi, hieu suat cua thi6t bi de dap bang xung 
luc cua tir mrang trong khoang 3 -s- 10%. 
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Ilitih 7.5. So d6 thifct bi d£ dap bang xung luc cua lir iruong: 
a- dap gian; b- top; c- dap vu6t; d- hinh dang b£n ngoai 
cua thiet bi; e- dia tap trung tu lufong. 

Linh virc sir dung cua qua trinh dap bang xung lire cua tu iruong kha r6rig rai. Co the 
sir dung v6i ede nguyOn c6ng: ciit. dot. tao hinh bang lap ghep. So d6 tao hinh cua mOt sd 
nguyen c6ng: dap gian, top (Up ghep) va dap vutft duoc bi£u diin tr6n h'mh (7.5a, b, c) va 
m6t so nguydn c6ng khde tren h'inh 7.6. 
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Hinh 7.6. Cac nguyen cOng dap bang 
xung luc cua lir iru&ng: 
a- dap vuot tao h'mh; 
b. c- d6t 16 ir£n phoi phdngva phoi 6‘ng 
d- lap ghep cac chi ti£t bang dap gian; 
e- top d$ ghep duemg ring. 








Phurorng phap dap bang xung luc cua tir trudng dac bidt co hieu qua khi ch£ tao cac chi 
tiet bang kim loai va hop kim it deo, kho bien dang; khi dot nhieu 16 tren phdi ong va dap 
cac chi tid't co hinh dang phtic tap: chang han nhu bidong co phan tiet dien nhd hoac cac chi 
ti£t hinh non co dinh nhon. Mot uu diem khong kern phan quail trong cua phuong phap dap 
bang xung luc cua tir trudng la sir bidn mong cua ph6i rat nho, khong dang ke. 

Duong kmh ldn nha't cua phdi co thd tao hinh rrdn may dap bang xung lire cua tir 
trudng co thd dat 66n 300 mm, phdi 6ng den 200 mm voi chieu day lhanh ong 3,5 va 1,5 
mm. Mdt s 6 nhuoc diem ciia phuong phap dap bang xung luc cua tir trudng la: dd ben cua bd 
phan cam ting khdng cao; kich thude cua may ldn; c£n phai co nhting thao tac chuan bi dac 
bidt; vide di£u chinh may kha phtic tap; tidng 6n Ion khi phong didn v.v... 

Mot trong nhung phuong phap cho phep mo rong llnh vuc sir dung phuong phap dap 
bang xung lire cua tir trudng la dap qua mdi trudng dan hdi. Ban chat cua phuong phap nay 
la dong tir thong duoc tao ra bdi bd phan cam ting, xuat hien khong phai d trong phoi mil la 
trong tarn kim loai trung gian di dong duoc. Tam kim loai nay co do dan dien cao, duoc dat 
giua bo phan cam irng va dem dan hdi, nam d phia tren cua phoi. Dudi tac dung cua xung 
luc tir trudng, tarn kim loai trung gian dich chuydn vdi tdc dd ldn ve phia dem dan hdi, do do 
se xuat hien trong no song va dap va truy6n len phoi lam cho phdi bi bien dang deo. 

Mdt uu didm quan trong cua qua trinh dap bang xung luc cua tir trudng qua moi 
trudng dan hdi la kha nang dap duoc cac phdi bang kim loai den co dien trd ldn ma khong 
cSn phai phu ddng dd hoac nhom ldn chung va khong c£n phai sir dung dem ve tinh. Sd di 
nhu vay la do ddng tir thong duqc tao ra bdi bd phan cam ting xuat hidn trong ta'm kim loai 
trung gian di ddng co do dan dien cao ma khong phai d trong phdi. 
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Chuang 8 

TINH TOAN VA THIET KE KHUON DAP TAM 

♦ 

8.1. PHAN LOAI KHUON 

Ket cffu cua khudn tuy thuoc vit lieu phdi ban dau (ta'm, dai hoac bang); phu thuoc 
vao nguyen c6ng thuc hien; hinh dang va kich thuoc ydu cau cua chi ti£'t dap, dp chinh xac 
kich thuoc yeu cau va loat san xui'l v.v... VI the, khuon di dap ta'm dupe ph£n loai theo mot 
sd' die diem sau; 

- Theo dac diem edng nghe. 

- Theo dac didm ket c£u. 

- Theo die diem sir dung. 

- Theo so lupng cac nguyen edng dupe thuc hi£n dong thefi sau mdt hanh trinh cua 
may. 

Theo dac didm cong nghd: khuon cat hinh, khuon dpt 16, khudn uon, khuon dip vuot, 
khudn len vanh, khuon top v.v.., 

Theo dac diim k& cau cac khuon thirdng dupe phan loai dua vao hinh dang cua bo 
ph&n din hudng d£ dam bao khe ho d6ng deu gitfa chay va coi. Vf du: 

+ khuon co din huong dang tam: 

+ khuon co din hudng dang tru va bac. 

+ khuon co din huong dang pitstdn v.v,.. 

Khi sir dung cac phdi la ph£ lieu (ching han phe lieu sau khi dap cac chi tiet Ion) thi 
ngudi ta thirdng sir dung cac khuon khdng co din huong (con goi la khuon ho) co bp phan 
go phe lieu van nang dupe kep vao phan tren cua khudn. Cac xilanh dupe sir dung nhu la bp 
phan din huong khi cit hinh cac chi tiet khdng Ion (co kich thude < 50 mm) vdi dp chinh 
xac dupe nang cao, ching han irong cong nghiep san xuat d6ng ho. 

Theo dac di£m sir dung, khuon dupe phan loai dua vao phirong phap lay chi tiet va go 
phe lieu ra khoi khudn. Neu kich thirdc tiet dien ngang cua chi tiet (hope phe lieu khi dot Id) 
nho hon kich thude 16 cua ban may thi chi tiPt (hoac phe lieu) dupe day qua Id cua ban may, 
khudn nhu vay dupe goi la khudn dap cho chui qua. Khi kfch thude cila chi tiet Ion hon kich 
thude cua 16 ban may ihi sau khi dip chi tiet phai diy ngirpe len mat coi, sau do no dupe lay 
ra khoi khudn bang cay hoac co cau tu dong. Phe lipu kim loai khi dap tir phoi dai dupe gd ra 
khoi khudn bang co ciu go, con khi dap cac chi tiet Idn tir phoi tam thi sau khi dap phe lieu 
dupe cit ra thanh cac phan nho bang ludi cat chuyen dung dupe gAn vao be mat cua chay. 


268 


San do viec lay phe lieu ra khoi khiion dirge thuc hien bang tay hoac ca c£u tu dong. 

Theo so nguydn edng dirge thuc hien d6ng thcri sail mdt hanh trinh cua may, cac 
khudn dap tam dugc chia thanh khu6n dan gian va khudn lien hop. 

Khudn dan gian thuc hien mdt nguydn cong con khudn lidn hop thuc hien dong thcri 
mot so nguydn edng. 

Khuon lien hap lai dirge chia thanh khudn lien tuc va khuon phd'i hop. Khudn tidn tuc 
la khudn co su ket hop cua hai hay nhieu nguydn edng tren ciing mdt khudn nhirng viec che 
tao chi tiet dirge thuc hidn sail mdt so hanh trinh cua may vai su dich chuydn tu£n tu cua 
phdi tir vi tri cua cap chay - c6i nay den vi tri cua cap chay - coi khac, sau khi hoan chinh 
chi tiet duoc cit ra khoi phdi. Khuon phoi hop la su kd't hgp hai hoac nhidu nguydn cong tren 
cimg mot khudn, vide hoan thanh chi tiet chi sau mOt hanh trinh cua may va khdng co su 
dich chuydn ph6i gitfa cac bude. 

Khuon phoi hgp - lidn tuc la su ket hgp ca hai phuang phap tren. Ddi khi ddi vdi cac 
chi tid't nho ngucri ta con lam khuon co nhieu day chay - edi, khi do sau mdi hanh trinh cua 
may chung ta co the nh&n dirge mot so chi tiet (trir mot s 6 hanh trinh ban dSu). Khuon phoi 
hgp - lien tuc co su kd't hgp cac ph5n tir cua khudn tac dung lien tuc va khudn phoi hop. 

Khuon dap tam con dugc chia thanh khudn chuydn dung va khudn van n£ng, duoc 
dimg de chd tao mdt $6 loai chi tiet khac nhau. 

Trong nhom khuon dac biet con chia thanh cac khudn dung cho san xu&'t loat nho, 
chang han nhu khuon chuydn dimg va khudn van nang. Khuon van n£ng dd dang dieu 
chinh de dap cac chi tidt theo cac phSn tir, con khudn van nang lap ghep dugc tap hgp tir 
nhfmg bd chi tiet va nhung dan vj lap rap co san. Khudn chuyen dimg co kdi ca'u don gian 
(dang tam kep hoac nhu cai dip, dang phien la, ludi keo cat, to hgp ...) va nhung khudn bang 
vat lieu de gia edng (vi du nhu kem - chi, gd cirng, hoac pdliuretan v.v...). 

Nhung dau hidu chu ydii dugc qui dinh trdn co s6 phan loai khudn dugc sir dung khi 
xac dinh ten goi day dii cua khudn phan anh nhung dac diim cua no. Vi du: “khudn tac 
dung dan de dot 16” hoac “ khudn tac dung phdi hop dd cat hinh-dap vudt va ddt 16” v.v... 

8.2. PHUttNG PHAP THI^T k£ KHUON 

De co thi thid't kd' dugc khuon cin phai co nhung so lieu ban din chu yeu nhu sau: 

- Sa d6 cua qui trinh cong nghe d&p chi tid't- 

- Ban ve ban thanh pham a cac nguydn edng khi ddp qua nhidu nguyen edng. 

* Sa dd xdp hinh v&t lidu. 

- Kd' hoach san xu&'t chi tid't hang nam. 

- Didu kidn ky thu£t nghiem thu. 
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- Cac thong s 6 ky thuat cua thiet bi. 

- Cac tidu chu£n. 

- Cac dinh muc cua nganh che tao may vi chi ti$t va cac don vi lap rap ciia khuOn. 

- Cac thdng tin vi trang bi co sd dung cu de che tao khudn (chang han co cac may 
phay, may doa toa do, cac thiet bi de gia cdng cac chi tid't bang vat lieu hop kim 
cung v.v...). 

Phuong phap thifi't kP khudn bao g6m nhufng cong viec sau: 

• Phan ti'ch va chon so do kPt cau cua khudn tuy thuoc vao ke hoach san xuat san 
pham, do chfnh xac kfch thuoc cua chi tiet va nhung dac diem cua thiet bj ep {dang 
may ep, luc danh nghia, chi6u cao km cua may v.v...). 

• Lira chon cac chi tiPt va cac bp phan lap rap cua khudn, hlnh dang va kfch thudc cua 
cac chi tiet nay dirac qui dinh theo tidu chudn (de khuOn, chay, cd'i, tru va bac d4n 
hudng, cud'ng khu6n v.v...). 

• Tinb loan kiim nghipm vi dp b£n, dd dn dinh va dp cirng cua cac chi hit chiu tai 
ldn nhat cua khudn. 

• Xac dinh trung tarn ap luc cua khuon (trung vdi true cuong khuon). 

• Lua chon phuong phap cap phdi vao khudn, dinh vi bude cap phdi khi dap tir pb6i 
dai. 

• Lua chon phuong phap thao gd chi tiet hoac phe lieu ra khoi khuon. 

• Lua chon phuong phap kep chat cac chi tiet khuon vao de khuon (gd dinh vi, kep 
chat bang bulong co chot dinh vi...). 

« Lua chon giefi han cua vung nguy hiem, sir dung thiet bi co bao ve hai tay. 

• Phoi hop cac kich thudc cua khuon va may ep vi chiPu cao kin, kich thuoc 15 dau 
truot, kfch thuoc 16 ban may v.v... 

• Bo tri va phdi hop ban ve lap cua khuOn a vi trf ket thuc qua trinh lam vide. 

• Chi tiet hoa cac chi tiet khu6n. 

Vide thiet ke cac chi tid't khudn, tot han het la nen bat dau til viec bo trf cac chi tiet 
lam vide cua khuon (cum khuon), bo tri tru dSn hudng tren be mat de dudi, sau do co th^ 
chfnh xac hoa cac kich thuoc va phoi hop chung vdi cac tidu chuan da co. 

Khi tinh toan va kPt cau khuon nguoi ta thudng sir dung cac tidu chuan nha nude ddi 
vdi cac chi tiPt tidu chuan: cum dp khudn; tru; bac dan hudng; buldng v.v... 

Khi xac dinh dp chfnh xac kich thude cua khudn va cac chi tidu chat lupng khac cua 
no ngudi ta thudng can cur vao cac tieu chuan nha nude qui dinh vi mure do chfnh xac cua 
khoi khudn va cac qui dinh ve didu kien cong nghe de nghiem thu khudn. 


270 



8.3. CAC k£t cau khuOn di£n hinh 
8.3.1. Khuon ckt - dot 

Kdl cau cua khuAn d6 cdl - d6t c6 nhi£u dang rki khac nhau. Tuy nhifcn. cdc chi riel 
chu y£u va cac cum lap rap cua khuOn c 6 nhitfu di£m chung va sir b<5 tri sap xep va phA'i hop 
gitfa chung. 

Chung la hay khao sal mAt s6 dang khuAn chu y£u da cat-doi bao g6m: khuAn don 
gian, khuAn Ii£n luc vk khuAn phA'i hop. 

Trong khuAn don gian. sau mAt hanh irinh cua may c6 lha dip diroc m<>l hoac mAl vki 
chi titft (phAi) voi mAl buoc chuye’n vat liau. 



Hinh 8.1, KhuAn da cdt hinh chi tifit tu kim loai t&m mong. 
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Dac di£m dac biet cua khudn de cat-dot, dugc sir dung trong san xu£t hang loat ldn va 
hang kho'i la co tru va bac din hudng nhim dam bao sir dinh hudng tuong ung giua chay va 
co'i, dong thcri dam bao cho khe hd giua chung dugc d6ng diu tren toan bd dudng bao cua 
chay va coi. 

Chung ta hay khao sat mdt bd khudn de cit hinh mdt chi ti£t tvr phdi tarn mong (hinh 
8.1). Tru dan hudng 6 cua khudn dugc Idp chat vao de dudi 4 con bac din hudng 7 dugc lip 
chat vao de tren 8. Do kich thude cua chi tiet cit hinh nho hon kich thude 16 ban may nen 
coi cdt hinh 3 dugc kep chat tren d€ dudi 4 cua khuon. De din hudng cho dai phdi trong 
vung lam viec cua khudn, ngudi ta sir dung hai lam din hudng 2 va 11. Trong tam din hudng 
s 6 2 co lip ctf phdi s<5 5, cu phdi nay dugc din dong nhd tay don 1. Tam gd cting 10 phu len 
tren hi mat cd'i va cac t&'m din hu6ng phoi, no co tac dung gor phan phe lieu cua dai phoi ra 
khoi chay 9 khi nura khudn tren dich chuyen 16n phia tr£n cung vdi dau trugt cua may. Budc 
cip phoi khdng doi dugc dam bao nhd c<5 ctf di dong 72. Khi dua dai phoi vao trong khudn, 
cham vao ctf so 5, nhat dap diu tien se dugc thuc hidn sau do tac ddng vao tay don / di keo 
efr so 5 ra ngoai tim din hudng 2 va day phdi ra cu* 12 , khi do cu 12 se quay xung quanh 
true 13 de cho dai phdi chui qua va sau do no lai ha xuong vao trong phin Id cua dai phdi da 
dugc cit. Khi keo dai phdi v£ phia trude, mach noi cua dai se ti vao cu 12 , dam bao duac 
bude cit yeu cau. 

Ndu kich thude cua chi tiet dap (hoac phdi) ldn hon kich thude Id ban may, khi do chi 
tiet (hoac phoi) khdng th i rai qua Id ban may. Trong trudng hgp nay, coi cat hinh thudng 
dugc lip a d£ trdn cua khudn (hinh 8.2), con chay va t&'m gd phe lieu dugc lip 6 de dudi cua 
khudn. Khi nira khudn tren di ldn, viec day chi tid't ra khoi coi dugc thuc hien bdi tam day 
ctmg 4 y thong qua cac chot diy 3 y t£m 5 va cac chot 6. 

Cd'i va chay di cit hinh cac chi tiet co kich thude ldn thudng dugc ghep tir nhi6u manh 
rieng bi£t, dugc kep chat len de khudn bing buldng va dugc dinh vi bing cac chd't dinh vi. 
So di nhu v|y la de thuan lgi cho viec ch£' tao va nhidt luy£n, cung nhu vi£c thay the tirng 
phan khi bi hong. 

Ne'u cin phai dot cac Id a mat ben cua cac chi ti6t rdng co dudng kmh ldn (ching han 
a thanh cac chi tiet dap vud't hoac chi tiet uon) ma cac Id lai bo tri a gin dudng ud'n hoac sat 
day cua chi lift, thi ngudi ta thudng sit dung cac khudn co chay nim ngang. Khi do, chuyen 
dong cua chay dugc thuc hien bing cic cac thanh chem (hinh 8.3). Trudc khi ddt 16, phdi 
rdng dugc dat vao loi 8, cac cd'i ddt 5 dugc kep vao loi 8, tuong irng vdi cac vi trf cua chay 
ddt va thanh chem. 

Khi diu trugt di xuo'ng cung vdi nira khudn tr£n, chot diy sd' 7 ty vao chot 10 lam cho 
16 xo diy bj nen lai va tim gd 9 tut xud'ng phia dudi de cho phdi co th i ep sat vao loi 8 nhd 
tSm chan 6. Sau do ch€m 2 tac ddng vao ga chay 3 lam cho ga chay (co gdn chay 4) chuyen 
ddng vi phfa cd'i thuc hien qua trinh ddt Id. Khi dSu trugt di 16n, Id xo 77 se keo ga chay 3 
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ve vj tri ban dau, giai phong chay ra khoi 16 c6i. d6ng (hoi ta'm go 9 day chi Kiel ra khoi loi 
8. Chu y ring 16 xo II cdn phai c6 lire k£o du lan de thing dtrac tra lire sinh ra do kha n&ng 
tao thanh ba via lam cho ch&y dfnh chat trong coi. 



Hinh 8.2. Khu6n d£ cat phdi hinh non co dirang kfnh 16n. 



Hinh 8.3. Khu6n d6t ede 16 a mat b£n cua chi tiet r6ng. 
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Luc cua may ep P m can thiet de ddt cac !6 tren khuon co dcln dong bang cheim duqc 
xac dinh theo cong thuc: 


p m = p„ . 


tgy + 2 m. 

1 - 2|i.tgy 


trong do: 

y - goc cua chem so vai phuang thing dung; 
p. - he s 6 ma sat; 

P a - luc cong ngh£ khi cat d6t. 


Luc cua may P m co the 16n han hoac nho hon so vai lire cong nghe P a , Khi P m = P tl 
tang cua goc ch£m duoc xac dinh theo cong thuc: 

l-2p 


tgy 


1 + 2p 


N£u nhu p = 0,13 thi lire cua may ep se bkig luc cong nghe (P m = Pj) khi. y = 30 l) . 
Khi tang goc chem y thi luc cua may ep P m cung tang len. 


Trong san xuat hang loat Ictn va hang khoi, d£ nang cao nang sutft iao dong nguefi ta 
thubng su dung khuon lien tuc va khuon phoi hap. 


Trong khuon lien tuc qua trinh dap chi tifi't duoc thuc hien sau mol so bu6c vai cac cap 
chay coi khac nhau va co su dich chuydn phoi mot each man nr tir vi tri nay sang vj tri khac 
tuong ung vai cac bude dap. 

Tren hinh 8.4 la mot b6 khuon phtfi hop - lien tuc di c&t dai va d6t 2 16. Trong khu6n 
nay, sau m6i hanh trinh cua may (trir hanh trinh dau tien) ta nhan duqc m6t chi tiet dang ma 
xv h cua bang tai. Khuon co co c&'u go ctfng; mot cu ph6i di dong cho nhat dap dau tien va 
m6t cu phoi co the dieu chinh duqc cho cac nhat d&p sau. Vice cit hinh va dot 16 cac chi tier 
bang v&t lieu phi kim loai (da, cacton, cao su, phfp v.v...) duoc thuc hien bang cac khuon dot 
co ket c&'u dac biet (hinh 8.5). 

Dac diem cua loai khuon nay la cac chi titft lam viec (c6'i cat hinh va chay dpt 16) 
kh6ng co tung cap ma chi co m6t chi tiet, mep lam viec cua chay va edi duqc mai sac nhu 
ludi dao. Di co th6 cat hoac dot, phoi duqc dat tr£n mot tam g6 cung hoac tain chat deo. 
Goc siic cua chay hoac coi tuy thude vao loai vat lieu c^n c4t, co gia tri tir 8 * 45°. 


Khuon cat viit lieu phi kim loai duqc kep chat l£n dau trirqt bing cu6'ng khuon, con 
tam ke duqc kep Icn ban may. Khi vat lieu dap duqc dat len tam k£, diiu trirqt di xudng va 
mep siic cua coi va chay se ep sat vao tam vat lieu, tach vat lieu theo during bao cua coi va 
chay, tao thanh chi tiet. Khi do tam ddy se bi nen lai. Khi dau truqt di len, durii tac dung cua 
luc 16 xo, tam day se day chi tiet cdt ra khoi coi va phe lieu ra khoi chay. 
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Hinh 8.4, Khu6n phtfi hop - lien rue di cSi dai va d<u hai 16 











8.3.2. Khudn de cat hinh va dot 16 chinh xac 

Khu6n de cdt hinh, d6t 16 chinh xac va got ve mat ke't cau cung tuong tir nhir khudn de 
cdt hinh va d6t 16 th6ng thudng.Diem dac biet cua khuon cdt hinh, dot 16 chinh xac la qua 
trinh gia c6ng phoi duoc thuc hi£n sau khi phoi da duoc nen trucrc gitfa cac b6 phan Lam viec 
cua khuon (chdng han giua chay va b6 phan ddy, hoac gitfa tam gd va coi). Dieu do cho 
phep co kha n&ng loai trir sir u6n phoi trong qua trinh dap va thuc hien qua trinh xam bdng 
ddy “cirng”. 

Ve k£t cau, khu6n cdt hinh va dot 16 chinh xac co duong kinh tru ddn hucmg 16n hon 
(so vdi khuon thong thudng) va thubng diroc bo tri theo duong cheo hoac tr£n true ddi xung 
cua de khudn. Ngoai ra dau cuong khu6n co dang hinh ndm co kha n^ng tu lira. 

Trong khu6n cdt hinh va dot 16 chinh xac, do khe ho gitfa chay va coi rdt nho nen 
ngudi ta thudng sir dung bac ddn hudng co vong each bdng bi. Diiu do co the cho phep loai 
trir kha nang cong venh tam d€ va nang cao do chinh xac dan hudng cho dung cu. 


Chat luong cua cac chi ti£t duoc gia cong trong cac khu6n got chinh xac tuy thu6c vao 
phuong phap dinh vi ph6i tren mep lam viec cua dung cu, edn phai dam bao cho luong du di 
got duoc ph£n bo' m6t each dong din theo duong bao chi tiet. Viec dinh vi ph6i 6 trong 
khu6n thudng dua vao cac 16 trong chi tiet ph6i, neu trong chi ti6't kh6ng co cac 16 co sdn thi 
ngudi ta co the d6t cac 16 c6ng nghe. Vi6c dinh vi ph6i theo duong bao ngoai chi sir dung 
trong trudng hop khi khdng the dot duoc cac 16 c6ng nghe trong chi tifc't hoac khOng cho 
phep ve mat ke't cdu. 


Khuon cdt hinh va d6t 16 chinh xac ve mat ket cdu co the chia thanh khuOn co chay 
chuyen dong (hoac chay + coi chuyen dong). Loai khuon nay duoc su dung de d£p cac chi 
tie! khong d6'i xung, co kich thude nho (den 60 mm). Loai thtf hai duoc su dung dc dap cac 


chi tiet ldfn hon. Khuon de cdt hinh chinh xac 
duoc thiet ke doi vdi cac may ep tac d6ng kep. 

Khuon co chay - c6i chuyen dcmg de dap chi 
tiet vong dem duoc bi^u dien tren hinh 8.6. 

Trong khuon chi ra tren hinh 8.6, phoi dai 
ban dau diroc ep l6n coi 3 boi tdm chan 5 co gftn 
hinh n6m, sau do chay-ctfi 4 chuyen d6ng ten phia 
tren va thuc hien qua trinh cdt-d6t, thdng duoc trd 
lire cua cac ch6t ddy 2 va 6. Khi nira khuOn ducfi 
di xud'ng, phdn phe lieu duoc giai phong khoi ap 
luc chan cua tifm chan 5, c6n chi tiet da duoc cat 



va phan phe lieu 6 ben trong se duoc day ra khoi Hinh 8.6. KhuOn co chay-c6'i chuyen 
khu6n boi cac chot ddy 2 va 6; sau do chung dong di dap chinh xdc chi tie't vong dem. 


276 


dirge lay ra ngo&i bai ede voi khf nen. 

Khudn tdc dung ph6i hap de got bien dang 
ngodi cua chi tie't va 3 16 ben trong no dugc chi 
ra tr£n hinh 8.7. Trong khudn ndy viec got bien 
dang ngoai cua chi ti£t dugc thuc hien bdi edi 3, 
con viec got ede 16 dugc thuc hien bai cac chay 
4 va 5. Phdi dugc dal len chdy-cdi / vd dugc 
dinh vi bai hai 16 edng nghe nho cac chay dinh 
vi 2. De tranh nhdm lin va sai l£ch khi dat phdi 
len khudn till cac 16 cOng nghe (va ede chay dinh 
vi) edn phai co kich thude dudng kinh khde 
nhau. Sau khi got. 6 cudi hanh trinh lam viec, 
chi lift se dugc nan phdng giua cdi-chay I va 
tarn ddy 6. Ph£ lieu kirn loai sau khi got 16 dugc 
roi qua cac 16 cua cdi-chay, con ph£ li£u khi got 
bien dang ngoai cua chi tiet se rai ra va con lai a 
xung quanh cdi-chdy. cluing se dugc th6i ra khoi 
khu6n nho khdng khi ndn thco chu ky. 



8.3.3. Khuon de uon 

Ve cd ban, khuon de u6n cung bao g6m 
nhung chi tiei gidng nhu khudn cdt-ddt. su khde 

biet chu yeu la kdt cdu vd hinh dang cua ede chi lidt lam vice nhu chay vd edi. 


Hinh 8.7. Khudn tac dung ph6i hap 
de got bi£n dang ngoai va ede 16 
ben trong cua chi tiet phdng. 


Khudn ud'n cung dugc chia thdnh: khudn dan gian, khu6n lien tuc va khuon phdi hgp. 
Ngoai ra trong truerng hap ddc biet c6n c6 khudn udn c6 keo doe true hodc ndn doc true. 

Trong ede khuOn udn dan gian. sau mdt hanh trinh cua may chi co the thuc hien duac 
mdt ngu_v£n edng udn hodc mdt bude udn. Trong cac loai khudn nay con co the chia thanh 
khuon chuven dung va khudn u6n van ning. Khuon chuyen dung de’ che tao cac chi tiet c6 
hinh dang don gian, uon mdt nguven c6ng trong mdt khuon hoac d i che' tao ede chi net co 
hinh dang phurc tap edn phai utfn qua nhieu bucrc theo tiing phdn tu udn trong ede khudn don 
gian. Con khuOn udn van ndng dugc su dung de udn mdt loai hay mot nhom chi tiet cd hinh 
dang dan gian nhung co kich thude khac nhau va chi udn sau mOt nguyen edng. KhuOn udn 
van nang cung c6 the dung de’ chd tao cac chi tie't cd hinh dang phuc tap edn phai udn qua 
nhieu bude ma m6i bude dugc udn trong mdt khudn van nang nhdt dinh. Tinh van ndng cua 
khudn la cd the thay ddi dugc khoang each giua ede gdi tua (mdt nira edi udn) va thay the 
chay khac de co the udn mdt chi tiet cung loai. 
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Uinh 8 . 8. Khuon uon dun gian. 
a- khuon uon mol goc. b- khuOn utfn hai g6c. 

Tren h'mh 8.8a da chi ra m6t khuon uOn dan gian de uon mpt goc. Cac chi uei lam 
vice chu vtfu la chav I va cO'i 2 dupe kep len cac tarn do iron va de duoi. Ph6i dupe dinh vi 
trcn khudn nhd cudi£u chinh dupe 4. 1 Iinh 8.8b cung la mpi khuOn u6n dan gian (\6 u6n hai 
goc. C6i uOn / bao gom nua ben irai va nua ben phai, gifra hai nua c6i c6 t&m day 2 d& day 
chi tiet ra khoi khuon. PhOi dupe dinh vi iren khudn nhd cac cu di£u chinh 3 

l)£ uon cac chi net co ktch ihiroc lan. ngufti la ihuang su dung cac khuon chuyCn 
dung iren cac may uon ngang. co true cua dan tnrpi bo trf thco phuang nim ngang. May uon 
ngang co hai cam de dang goc. trong do co ihi kep cac chi uei lam vice nlurchay va c6i uon. 
Mol tarn de dupe kep co dinh len than may con lam kia dupe kep len J5u irupi cua may ep. 
co chuyen dong tjnh ticn ilieo phuang item ngang (hinh 8.9). 




Uinh 8.9. Khuon d& uon cac chi tiet Ion iren may uOn ngang. 
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Nhirgc difcm cua loai khuon m\y la chiSu dai cua canh u6n khdng giong nhau do dieu 
kien udn khac nhau 6 mep lam viec cua coi (nhir ban kinh 1 iron cua mep edi, lire ma sal. dd 
m6n mep lam vise cua edi v.v. ) cung nhu khong iranh khoi sir xay silt be mat cua phoi khi 
no djeh chuven tuong ddi voi mep lam vise cua edi. 

D6 iranh xay sal khi udn 2 goc, ngirdt la sir dung khuon udn c6 edi ban IS So do kei 
c&u cua khuon dirge biSu diSn Iren hinh 8.10. Trong khuon nay khdng co sir dich chuySn urong ddi 
gifira phoi va be mat lam viec cua edi, do do khong co vei x&y xirdc iren bS mat san pham. 



Wnh 8.10. Khudn udn co coi ban 16 d£ udn 2 goc. 


So do kCM cau khuon non van nang don giau dS udn hai goc dirge chi ra iren hinh 8.11 
Dae die-m cua no la khoang each gifra cac nira coi / va 2 cd the ihay ddi dirge. Sir ihav ddi 
khoang each gifra cac nira edi dirge ihuc hiSn nhd cac vfi 3 va phai ihay chay. Khi ihay chay 
cd lunh dang kluic nhau chimg ta cd the nh&n dirge cac chi net cd hinh dang khac nhau va 
khoang each gifra cac canh udn khac nhau. 



Hitth 8.11. Khudn udn van nails de udn 2 goc. 

















Trong cAc khudn u6n tAc dung li£n tuc c6 mdt vai cap chay, cdi de' udn dugc b 6 tri 
song song vai nhau hoac cap nay sau cap kia. Phdi se dirge uon Ian lirgt va dugc dich chuy£n 
tu vi tri nAy sang vi tri khde* 

Hinh 8.12 da chi ra so d6 k£t cAu cua mdt bo khuOn tAc dung li£n tuc nhidu vi tri d£ 
udn mdt doan ong (sau ba buac udn). 6 vi tri dau tien cua khudn thuc hicn vide udn hai dAu 
cua phOi phang. 6 vi tri thur 2 phdi dugc udn thanh hinh 6 van vi 6 vi tri thir 3 phdi dugc udn 
thanh hlnh dng iron c6 duang kinh yfcu cAu. 



Hinh 8.12 . Khudn udn nhicu vj tri lac dung li£n tuc d£ udn doan dug. 

(3 vi tri ban dAu co chot dAy I lap trong chay va tAm dAy 2 a giua cac nira coi 3. 0 vi 
tri thu 2 chi co tain dAy 4 cung nAm giura 2 nira coi 5. Viec lAy phoi ra khoi chay d vi tri nay 
dugc tien hanh theo huerng doc true dng (vudng goc vdi mAt phang hinh ve). Viec dich 
chuyln phoi tu vi tri nay sang vi tri khac dugc thuc hidn nhd dung cu kep phdi, con thao tAc 
lAy chi tidt ra khoi khuOn c6 the dugc thuc hidn bang khf nen. 

Trong khudn tAc dung phdi hgp, ngudi ta c6 thd thuc hidn hai hay nhidu nguyen c6ng 
udn sau mdt hAnh trinh cua may hoAc co th£ ket hop nguyen edng udn vdi cAc nguy£n edng 
cAt - ddt. 

Hinh 8.13a da chi ra so dd kdt cAu khudn phdi hgp co cam lie d£ ? udn. Sau mdl hanh 
trinh cua may ta co the nhAn dugc chi tidt co dang dai kep tir I doan phdi phAng. 
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Hinh H.13. Khuon udn tac dung phdi hap: 
a- chi tidt dang dai kep, b- chi ttet dang ma kep. 


Trong khudn udn dai kep (hinh 8.13a). chay udn / co htah dang va kich thuoc gidng 
nhu duong bao b£n trong cua chi net, hai cam lie 2 co th 6 quay quanh true 3. Dirai tdc dung 
cua edn day 4 cac cam 2 se 6 vi tri mo. Khi chay di xuong, ph6i se dugc udn iif do cho aen 
khi chay ep vao mat trong cua cac cam, lam cho ede cam quay xung quanh true 3 va uon 
ph6i dp vao mat tru cua chay. Sau d6 chay tidp tuc di xudng, udn cac canh cua dai kep va ket 
thuc qud trinh uon. cac cam 2 se tinh chinh phdn g6c cua dai kep. Khi ddu truat di len, edn 
da*y 4 lam cho cac cam quay ngugc lai, ir6 vd vi tri ban ddu. Chi ti^t sau khi udn se dugc ISy 
ra khoi chay theo phuang vu6ng gdc v6i mat phdng hinh ve. 

Hinh 8.13b la s a dd khndn u6n phtfj hop c6 cac ddu trugt ben 66 udn chi tidl dang ma 
kep sau mdi hanh trinh cua mdy. Chay udn 1 co hinh dang v& kich thucrc gidng nhu cua chi 
lidt va dugc tua len dem cao su 2. 

Hai thanh ch£m 3 66 dan d6ng cho hai nira cdi 4. Tdm cdi cd djnh 5 vd hai lb xo 6 66 
ddy ede cdi di dOng vd vi tri ban ddu. khi dau trirot di len. Trude khi udn, phdi phftng dugc 
dat len b 6 mat lam vi<ic cua cac nira cdi. Khi hanh trinh ddu trugt di xudng (truac khi ep vao 
day cdi 5) thi phot dugc uon tir do va co hinh dang gidng nhu phdn phfa dudi cua chay. Khi 
ddu trugt tififp tuc di xudng, ddm cao su 2 bi nen lai, d6ng thdi cac ch£m 3 lam cho ede nira 
cdi 4 chuydn dong, ep phdn phdi edn lai vdo chay, tao thanh chi liet dang ma kep. Khi ddu 
trugt di ten. cac 16 xo 6 Aiy ede nira cdi v£ vi tri ban ddu, chay dugc giai ph6ng vd di ten 
mang theo chi titft da dugc udn. Sau do, chi tiet dugc go ra khoi chay theo hirdng vudng goc 
vdi mat phang hinh ve. 

Khudn de udn thuong lam vise a chd d6 ep nghla la cho ddn khi chdv-phdi-cdi tra 
thanh rndt h6 thdng hoan todn titfp xtic vai nhau. Vi vdy. de ngdn ngira su ket mdy khi udn 
ede ph6i day, ngudi ta thuang I6t dudi dd khudn mot tdm d£m bang vat lieu nhe va 66 nat, 
chdng han nhu tdm cacton. 
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8.3.4. Khuon de dap vuot va khuon lien hdp 

Krit ca'u ciia khurin dap vurit tuy thuric vao phuang phap dAp vurit; iha tu nguyen cring 
(nguyen c6ng dAu hay nguyen cring tirip iheo); bi sir dung d£ dap vurit (may ep dan 
dring hay mAy 6p song dong. mAy ep thuy lire hay mAy ep ca khf v.v...) vA sir phrii hap cac 
nguyen cring sau mot hanh trlnh cua mAy. Cung giring nhu khurin cat - drit va urin. khuon 
dap vurit cung dirge cilia thanh khurin don gian, khurin ph6i hop vA khurin lirin tuc. Khurin 
dap vuot lAn dAu kh6ng co chan phOi la mrit loai khurin dan gian (hlnh 8.14). KhuOn bao 
g6m chav dap vurit /, do during kfnh tuang drii nho n£n chay dirge lam lien vrii curing 
khurin: crii dap vurit 2 co go d£ dinh vi phrii va gri phfa durii de giam nhe vide day san phAm 
qua crii va gri chi tirit ra khoi chay khi chay di len. Chi6u cao phan lam viric cua crii khoang 
tu 4 -s- 6 mm, gric nghiring cua during sinh crii tu 15 45°. Crii dirge kep chat vAo de durii 3 

nhri vring dinh vi 4. Khe ha giua chAy vA crii dugc lAy bang (1,2 + 1,3) lAn chi£u day cua 
phrii, ban kfnh lirgn cua chay va crii: r ch va r c bang 4 * 6 Ian chieu day phrii. 



Hinh 8.14. Khurin dan gian de dap vurit khring co chan. 

Dc* tranh kha nang tao ra dri chAn khring khi gri chi tirit ra khoi chay, ngurii ta khoan 
mrit 16 a giua lAm chay dri khring khi co thri lot vao khoang khring giua mat day chay va day 
chi lift. Khuon dugc lip trrin may ep dan dring va khi dAp chi net roi qua lri ban may. So dri 
khurin dri dap vurit lAn dAu cri chan phrii trrin mAy dan dring dugc biriu dirin trrin hlnh 8.15a 
khurin bao grim crii I dugc kep lrin dri' trrin 3 nhri cri ao crii 2; chay dap vurit .5 dugc kep len 
de durii; vanh chan 6 dugc lira len ba chrit day 7. He thring chan bao grim thanh ren S\ cue 
vong tua 9 va //; 16 xo 10 va dai ric dieu chinh 12. Phrii phAng dugc dAt trrin tAm chan 6 va 
dugc dinh vi bang cac chrit 15. Khi hanh trlnh dAu trugt di xuring thl crii dugc ha xuring iheo 
va ep phan vanh phrii vao vanh chan, lam cho vanh chAn cung bi ha xuring va lo xo 10 nen 
lai. Khi dri phrii dugc keo vao trong crii vA tua vao mat dAu cua chay. Khi ddu trugt di l£n. 
vanh 6 do tac dung cua hri thring chan se tra lai vi irf ban dAu va dugc djnh vi bAng cAc vft 
14. con day 4 co lac dung go chi net da dugc dAp vurit ra khoi crii. 
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Hinh 8.15. Khu6n dap vu6t lan dan c6 ch&n ph6i: 
a- trdn mdy ep tac ddng dan ; b- trdn may ep tac d6ng kep. 

Hinh 8.15b la sa d6 ket c&u khu6n dap vutfi ldn dau co chan phOi tren may dp tac 
dOng kep. Diem khac bidt cua may ep lac dong kep lit c6 2 d^u truat, mot dau truat trong va 
m6t dau trutf ngoai. Gic dau trucn nay co hanh trlnh lam vide khOng d6ng then: ban dau, dSu 
irugi ngo^i di xutfng truac mang theo tarn chan phGi va lam nhiem vu chan phoi. sau do dau 
truat trong m6i di xutfng (hire hien qua tr'inh dap vu6t. Vide sir dung may ep tac ddng kep dd 
dap vuot se cho phep dan gian hod ket cdu khudn dap vu6't. N6 chi edn c6 3 chi tid't co ban: 
d6 la chay dap vuot / duac kep vao dau trucn trong cua may. v&nh chan 2 duac kep Idn dau 
truat ngoai va c6i 4 duac kep tren ban may. Phoi phang duac dat Idn mat c6i va duac dinh vi 
bang cu phoi 5. Khi lam vide, dau truat ngoai se ha xudng truac cung veri vanh chan 2 de cp 
phoi Idn be mat cua edi vutft 4. Sau d6 ddu truat trong di xuOng cung vdi chay /. there hien 
qua tr'inh vuOt phOi vao trong ctfi. Khi ede dau truat trong va ddu truat ngoai da di Idn. ca 
ca'u day 5 se day chi tid't da duac dap vud't ra khoi c6i, Idn trdn bd mat cua c6i va khi d6 ta co 
thd lav chi tid't ra khoi viing lam vide m6t each dd dang. 

KhuOn dd dap vuot 6 cac nguydn edng ti£p theo (tir nguydn edng thu 2 tro di) khOng 
co chan vat lidu duac chi ra trdn hinh 4.4b. Vd mat ktft ca'u, khuOn nay tuong tu nhu khu6n 
dd dap vud't lan dau kh6ng co chan phdi trdn mdy tac dOng dan (hinh 8.14). Sir khac nhau la 
edi vud't co 16 dinh hinh c6 dudng kinh tuong ung v6i duong kinh cua ban san pham nhdn 
duac sau Idn dap vud't a nguyen cOng trude. Qua trinh dap vudt nay thirCrng duac lien hanh 
bang each cho chui qua coi rai xuong 16 ban mdy hoac duac ga bang cac coca'll go ba chac. 
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KhuOn di dap vuOt a nguyfn c6ng tiep iheo c6 chan ph6i tren cac may ep tac dong 
dan duac bi£u diSn nhu ir£n hlnh 8.16. Kft cau cua khuOn cung tirong tu nhu doi vdi khuOn 
dap vuO't Kin dau c6 chan phOi tren may ep tdc dong dan (hlnh 8.15a). Trong khuOn nay, 
hlnh dang cua v6ng chan la mOt doan 6ng hlnh tru c6 dudng kinh ngoai tuang trng vdi dudng 
kinh [rong cua ban san pham nhan duac sau nguydn cOng dap vu6l trudc do. Chidu cao cua 
phan hlnh tru v6ng chan ldn ban chi^u cao cua ban thanh pham tir 20 + 25 mm. PhOi rOng 
hlnh tru duac tip vao vong chan 3, khi vong chan dang 6 vj trf tr£n, ngang vdi mat dSu cua 
chav vutft, Khi dau truat di xuOng, cO'i / se ep mOt phdn ddy phoi vao v6ng chan 3 va vong 
chan nay cung bi ep xudng phfa dudi. thOng qua cdc thanh day va he thOng chan bang cac 16 
xo nen. Khi dd dudng khfnh ph6i se giam di con 
chifu cao cua no thi tang l£n. Khi ddu truat di 
len, vong chan 3 sd day chi lift dap vuO't ra khoi 
ch^y va trd lai vi trf ban ddu, nhd cac 16 xo nen 
cua he thOng chan. Hanh trlnh di len cua v6ng 
chan 3 duac khong chf bdi do $0 4. Day tren 5 
se day chi lift ra khoi cOi (neu chi lift ndm 
tren cdi) nhd ca c£u diy tren cua ddu truat. 

KhuOn di dap vuO't d nguydn cOng tiffp 
iheo co chan phoi tren may ep tac dOng kep 
nhu tren hlnh 5.4a. Ket cfu cua khuOn nay 
cung tuong tu nhu khuOn de dap vuot ldn dau 
co chan phoi (hlnh 5.2b). Su khac nhau la 
trong khuOn nay, hlnh dang cua vong chan la 
mOt Ong tru cd dudng kinh bang dudng kfnh 
trong cua ban thanh pha’m nhan duac tu 
nguyOn cOng trudc. Chidu cao phSn lam viOc 
cua vong chan din Idn hon chidu cao cua phoi 
rOng tu 4 + 6 mm. Phoi rOng duac dat vao miOng cO'i c6 16 dinh hlnh dac bid dc’ dinh vj 
phOi. Khi Dm vifc. dau truat ngoai cua may dp se ha xudng trudc mang theo vong chan 2. 
Vong chan nay duac long vao trong phoi rOng va cp mot phdn day phoi vao hi mat cua 16 
dinh hlnh d coi. Sau do ddu truat trong di xuOng cung vdi chay 1 there hifn qua trlnh vuO't 
phoi vao trong coi 3. Khi ddu truat di lfin, day 4 se day chi lift ra khoi cdi. 

KhuOn tdc dung phO'i hap Id khuOn dOng thdi thuc hien hai hay nhilu nguyen cOng 
trOn cung mOt khuOn vdi mOt Idn dat phOi sau mOt hanh trlnh lam viec cua may ep. (Vi du: cat 
hlnh + dap vuO't; cat phoi + dap vuO't ldn 1 + ddp vuO't Idn 2; cat phoi + dap vuot + dot 16; v.v...). 

Ket cdu cua khuOn tac dung phoi hap tuy thuoc vao loai may (may ep tac dong dan 
hoac may dp tac dOng kep). 



Ilinh 8.16. KhuOn do dap vudt 
d nguydn cOng tifp iheo 
tren mdy dp tdc dOng dan. 
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Hinh 8.17. Khudn phdi hap de' cAt hinh va dap vudt: 
a- tr£n may ep lac dong don; b- tren mAy lac ddng kep. 

Hinh 8.17a la so do kei cSu cua khudn phdi hap de cAt phdi va dap vudt c6 chan tren 
may ep lac ddng dan Khudn g6m cd: chav cAi va coi vudt / (dudng kinh ngoai cua chav *At 
co kfch ihtrdc bang kfch thudc phoi cAn cAt con tlucmg kinh irong la dudng kinh cua cdi 
vuot); cdi d£ cAt phdi 2: vanh chan i; chAy de dap vuol 4\ tA'm gd phe lieu 5 va day tren 6. 

Cac chi iice cua khudn dircrc dinh vi va kcp chat thanh khdi khudn, bao gdm nifa khudn 
ir£n va nifa khudn dudi, cudng khudn, tru - bac dAn hudng (hinh 8.17a khdng bieu di£n tru - 
bac dAn hudng). Tru - bac dan hudng cua khuon nham dam bao cho khc ho dong deu gura 
during bao cua chay cdi va cdi cung nhir khe ha giCra chay vudt va cdi vudt. Qua trinh dAp 
duac thirc hien tir phdi dai hoac phoi tarn. Phoi duac dua vao viing lam viec cua khuOn cho 
den khi chain vao cu phoi. Khi do, dong Iv hop cua mAy va dAu trirat chuydn dong xudng 
duai ding vdi nifa khuon iren, dAu lien tain go 5 chan vao phOi va qua trinh cAi phdi xay ra. 
^au do chhy cat - coi vuol / lidp tuc di xudng, dp vanh phdi l£n b£ mat cun tain chan 3 va 
tlurc hidn qua trinh dap vudt. Tam chan 3. dudi lac dung cua chav-edi /. se bi dich chuydn 
xudng phi a dudi ihdng qua cac thanh day. ep Id xo cua he thdng chan 3 % do lac dung cua luc 
Id xo se g a chi lici ra khdi chay va ird ve vi tri ban dAu. Tam gd ph£ lidu 5 se gd phe lieu 
khdi chay cat /. Neu chi liet dap vudt nAm tren cdi se bi day 6 dAy ra khdi cdi nhd thanh day 
ciia dAu truat. 

Hinh 8.17b IA so d6 ket cAu khudn lac dung phdi hap de cAt hinh va dap vudt cd chan 
phdi tren may ep lac ddng kcp. Khudn bao gdm cdi 1 de cAt vA vong chan 2 duac dinh vi kep 
chat len de tren; chay cAi - cdi vudt 4 vA tAm gd phe lieu 5 duac dinh vi vi kep xudng de 
dudi. chay dAp 3 duac lAp vdi dAu truat trong cua may; (Am day 6 duac lap d nua khudn 
dudi. Phdi dai hoAc lam hoac phdi bang dtrcc dua vao vung lam viec cua khudn cho den khi 
cham vao cac cu phdi. Sau do cho may lam viec va dau truat ngoai se xudng trude cung vdi 
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nua khudn iren. Cdi cat 1 cung vdi chay 4 se cat phoi va sau do vanh chin 2 se ep phoi len 
b£ mit cua chiy cat - cdi vu6i 4. Khi d6 dau tram trong mang theo chay dap vudt 3 di 
xudng, thac hien qud trinh dip vudt. Khi cac diu tram trong va diu tram ngoai di len, tarn 
div 6 se div chi tiet ra khoi cdi, con ti'm gd phe lieu .5 se day phfif lieu ra khoi chay cil 4. 
Tru va bac din hudng daac lip l£n d£ dudi va dd lr£n cua khuon dd dam bao cho khe ho 
d6ng deu gifra chay va cdi. 



flinh 8J8. Khudn tic dung ph6i hap 66 dip vuot 
bade l va 2 tr£n may ep tac dOng kep. 

Khudn tic dung phdi hap de dip vudt bude 1 va bade 2 tr£n may ep tac ddng kep nhu 
hinh 8.18 co die didm la co hai vanh chin: mot vanh chan phing va mot vanh chin co phin 
lam vice hinh con. Phdi phing hinh iron duac dat vao khuon theo cu phoi. Khi hinh trinh 
cua diu truot ngoai di xudng cung vdi naa khudn trdn co cac vong chan / va 2 duac lip tr£n 
do. Ban diu phOi ducrc chin tren phin mil phing cua cdi 3 bdi vong chan phing 2 do lac 
nen cua cac 16 xo 6. Sau do. diu truot ngoii tiep tuc di xudng, cic 16 xo 6 bi nen lai, con 
vong chin 1 (hinh con) thac hi£n vai tro nha mot chay vuot, vudt ph6i vao phin hinh con 
cua edi va sau do ep no Idn b6 mil cua cdi. Khi 66 diu tram trong co gin chay vudt 5 sc di 
xudng 66 vudt phdi co dang c6n (da duac vudt a bade 1) thanh chi tidt hinh tru trong phin 
hinh tru cua cdi vudt 3. Khi hanh trinh diu tram di ldn, tim diy 4 se day chi tiet ra khoi cdi. 
Goc nghieng dudng sinh cua cdi khoang 30 n . mdc dd dip vudt tdng edng cho phep doi vdi 
phdi bing thep mdm co chidu day den 1 mm bing 2,2 + 2,4. 
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Hlnh 8.19 la so d6 ket cau khudn tac dung ph6i hop di cat ph6i-dAp vuot va d6t 16 
iren may ep tac d6ng dan. Khudn nay co ket ca'u tuang tu nhu khudn cdt hinh-dap vuot (hinh 
8.17). Khi ddu truat di xuong qud trinh cdt ph6i va dap vutft duac thuc hien bai c6'i cdt 4. 
chay cdt-c6i vutft 2; vd chay dap vuot 3. Qud trinh d6t 16 duac thirc hien bai chay dot / 
(duac kep chat bai do chdy len di tr6n) con c6i dot duac lam tren chay vu6l 3. Khi ddu trugt 
di len tarn day 6 se ddv chi tiet ra khoi chay / va c6i vu6t 2, con iSm gd 5 $e ga ph£ lifcu 
khoi chay cdt 2. 



/Unit 8.19* Khu6n ph6i hop de cat phoi - ddp vutfi va d6t 16. 


KhuOn tac dung lien tuc la sir k£t hap cua hai hay nhidu nguyen c6ng tren cung mOt 
khu6n duac thuc hien tudn tu lir nguyen c6ng nay den nguyen cong khde tuang txng v6i ede 
cap chay-coj, vdi sir dich chuyCn ph6i theo bu6c cua chay va s6' hdnh trlnh ddu truat tuang 
umg. 

Khi ddp Iren khuon lien tuc, ph6i thudng la dang dai hodc dang bang (ph6i cu6n) duac 
dua vao khu6n bdng cac cd cau cdp phoi tu d6ng vdi bu6c chuyen ph6i tuang ung vai buac 
cua cac cap chay - c6i. 

Hinh 8.20a bieu di£n cac buac ddp lidn tuc tren ph6i bdng, c6n hinh 8.20b la so d6 ket 
cdu cua b6 khudn li£n tuc co 10 buac dap tuang ung vai 10 cap chay - c6'i khac nhau. Khu6n 
nay duac sir dung di ch£ tao chi tiet hinh tru co vanh vai duang kinh 10 mm va chieu cao 17 
mm, co 16 a day chi tici va duac dap lir thep 08 day 1 mm. Khu6n bao g6m nua khu6n tren 
va nua khu6n du6i co tru bac ddn huang. Cac chay duac kep Ifcn di tren bdng ao chay 3, con 
cac c6i duac kep vdo di duai bai ao c6i 1. (3 tdt ca cac buac drip, c6'i d6u duac che tao ri£ng 
di di thay ih£. Cac chay de ddp vuO't ddu co vai dft nan phan vanh cua ban san phdm 6 thdi 
diem ket thuc qua trinh dap vuot De ga bang (co ede ban san phdm) ra khoi chdy ngudi ta 
sir dung mot td'm ga cung 2. 
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Hinh 8,20. Khudn lien tuc d£ dap vudt tren bang. 

Khi dap tr£n phdi bang ngudi la co lb£ dap vdi bang nguydn hoac bang co cal inch d£ 
tranh sir co keo tren toan bd bang va ihuAn Icri cho qua irinh dap. Trong khudn lien luc nay, 
ngudi la car inch bang iheo hinh dang nhir tren hinh 8.20a hoi chay cat dinh hinh 4 va coi 
cAi 7. Cap chay-cd'i car 6 birdc I nay co he thong go cirng 5 rieng bici. Ci cac budc nep iheo 
(tir birdc II + VII) ngudi ta thtrc hidn qua irinh dAp vud’i. 0 bade dap vud’i dau lien (birdc II) 
dtf ngan ngira hien luang nh&n ngudi la sir dung he thdng chan 6. Qua sau birdc dap vudi (II 
■s- VII> ngudi ta lien hanh linh chinh cac ban kinh luon d day va a vinh (budc VIII). Sau do 
chi lici duoc ddt 16 day (birdc IX) va cud'i ciing chi tiet duoc cat rdi ra khdi bang iheo iheo 
diremg bao cua phdn vAnh (birdc X). Vide dinh vi chi uei a birdc X duoc dam bao bdi chay 
dinh tam lap tren chay cdl, cd kfch ilurc luong ung vdi kich ihirdc cua chay chip vudi cud'i 
ciing. Chi ti£?t sau khi cAt sc roi vac 16 a d£ dirdi cua khudn. 

Co nliiSu phirong an ket cau khiic nhau cua khudn de dip vudi Iren bang. Cac k£l cau 
khudn duoc ap dung tuy thude vao kich thude cua chi tiet. hinh dang cua chung vh chidu day 
vai hen phdi. Cluing ban chay co the dinh vi va kep chat d dc dirdi cua khudn. Vdi kieu ket 
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can nhn vay thl dinh vi va truyln phoi dai se chuan loi han nhung viec go va lay chi tiet ra 
khoi khuon se kho khan han. 

O cac budc dap vuot tifip theo (sail budc dap vuol ISn dau) nguci ta thudng sir dung he 
thong gd di dong duac khi chidu day vai lieu phoi nho hem 1 mm. He thong gd di dong duac 
lam viec theo nguyen ly ep, nghla la no se ep vao nua khudn irtn trude de nan phang phan 
vanh cua phoi trude khi dap vu6't. Trong trudng hap nay de tranh kha nang bi ket khuon, a 
phfa de dudi ngudi ta lot mOt ldp dem mong bang vat lieu di nat, vi du nhu ta'm cactong. 

De" nang bang phoi len tr£n hi mat lam viec cua coi va di cho bang co the trirat tu do 
khi truyen phoi ngudi ta sir dung cc# cau chuyen dung: khung gia n£ng va chan nang dan hoi. 
Khi dap vuot cac chi tiet sau thudng xay ra su co ngan bang mot each dang ke 6 cac budc 
vudt, khoang each giua cac khung gia tirang ung giam di. Viec sir dung khung gia nang se 
cho phep lam viec vdi viec tu dong truyen phoi bang. 


8.4. CAC CHI Tl£T DIEN HINH VA CAC CUM LAP RAP CUA KHUON 
8,4.1.Cac chi tiet khuon 


Khu6n di dap tam bao g6m: khoi khuon, cac cum va cac chi tiet kep chat. Khoi khuon 
bao g6m de khuon tren va de khudn dudi, tru bac dan hudng va cuong khuon (neu kfch 
thude khudn nho). Cum khuon bao gdm cac chi ti£'c lam viec chu yeu nhu chay, coi, ao chay, 
ao coi, co cau gd phe li£u, day san pham, chay djnh tarn, mang dan phoi v.v... 


Ket cau va kich thudfc cua cac chi tiet chu yeu cua khuOn duac quy dinh thco ti£u 
chuan nha nude .Tuy nhien chiing khdng the bao iriim loan bo nhiSu chiing loai chi tiet khac 
nhau cua khuon duac sir dung trong nhieu linh vac cong nghiep khac nhau. Do vAy ngoai 
tieu chuan nha nude, con co ti£u chuan nganh va tieu chuan nha may doi vdi cac chi tiet va 
cum chi tiet khuon. 


8.4.2. Vat lieu va nhiet luyen cac chi tiet lam viec cua khuon 

Cac chi tiet lam vi£c cua khuon: chay, coi, vong chan v.v... duac che tao bang loai vat 
!i€u co nhung yeu cau nhat dinh nhu: do ben cao; co tlnh deo dai va chong mai mon; co kha 
nang tang do cung sau khi nhiet luyen; co do tham tdi cao. Cac loai thep cacbon dung cu va 
thep hap kirn co th^ dat duac cac y£u cau neu tren. 

Cac loai thep cacbon dung cu Y8A; Y10A; Y10 (theo tieu chuan Nga) duac sir dung 
de’ che tao cac chi tiet khuon co hmh dang tucnig ddi dan gian khi dap cac loai vat lieu tam 
co o h < 500 MPa. 

Cac loai thep hap kirn dung cu: X12M; X1201; X6BO; P6M5 v.v... duac su dung de 
ch£ tao cac chi tiet lam vi6c cua khuon co hinh dang phurc tap vdi san xuat hang loat ldn va 
hang khdi, khi dap cac loai thep can tam co > 500 MPa. Nhung di£u kien nay duac dat ra 
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la do khi cat hinh va dot 16 cac ta'm la thep ky thuat dien, cac loai thep cacbon va hgp kim co 
do cling sau khi nhiet luy£n den 50HRC hoac khi dap vu6t len vanh co bien mong, khi tinh 
chinh v.v... 

Trong san xua't hang loat nho, nguci ta thirbng sir dung khuOn de cat hinh bang cac c6i 
hgp kim kem (vf du hgp kim 3KB), con chay bang thep cacbon sau khi toi dat do ciing 56 ^ 
60 HRC. Nhurng khuOn nay thuong dirge sir dung dc cat cac chi tidt bang kim loai tarn co 
chieu day den 3 mm veri a b < 450 MPa. Uu di£m cua cac c6i bang hgp kim kem la dS che 
tao hon nhi£u so vdi cac coi bang thep, no co the giam 5 + 6 lan so voi gia thanh cua c6i 
thep, Tu6i tho cua coi bang hgp kim kem co thi dat tu 2000 + 4500 nhat dap. 

Trong san xuat hang loai nho va vira, nguoi ta con sir dung khuon bang gang bien tfnh 
MCH.32-52 de dap vu6t cac chi tiet bang thep cacbon thap. D6 bin cua cac loai khu6n lam 
bang gang khdng cao, nhung trong nhi£u iruang hgp chung cung dem lai hieu qua kinh tc 
cao do gia thanh ha. 

Vi£c nhiet luyen cac chi tiet cua khuon bao g6m t6i va ram. Sau khi t6i va ram do 
ciing cua chay can phai dat dirge 55 + 59 HRC con d6 ciing cua edi can phai dat 57 ^ 61 
HRC. So di d6 ciing cua coi phai lOn hon do ciing cua chay la di giam su mai mon coi. Di£u 
do la hoan toan hgp ly vd mat kinh te boi vi gia thanh chd tao coi thuong cao ban gia thanh 
che tao chay. 

Trong san xuat hang loat nho ng udi la con sir dung nhiing chay khOng toi vefi edi co 
toi di cat nhung phoi co dudng kfnh 200 500 mm bang thep cacbon thap vdi chieu day 

S < 0,5 mm. Cung voi sir mai mon chay dd dang, ngucfi ta cung co th i dd dang ch6n phan 
mep lam viec cua chay cho chuot qua edi. Vide sir dung chay khong t6i di cat co thd thuc 
hicn tren cac khudn khong co tru bac d5n huefng. Khi do neu co sir dich chuydn urong dot 
giira nua khuon tren va nua khuon duefi thi chay se bi bien dang, con coi van giu nguydn va 
khuon vSn dam bao an toan. 

Tru d5n huong thuong dugc chd tao bang ihep 20 sau khi tha'm than lerp bi mat, t6i dat 
d6 ciing 53 62 HRC. Sau khi nhidt luyen nhu viy thi tru dan hudng se tro ndn deo d trong 

loi va ciing a lop be mat ngoai. Nhiing tru din hudng nhu vay se co kha nang bidn dang dan 
hoi (uon) va chju mai mon tdt hon trong qua trinh lam vide cua khuon. Ngoai ra tru dUn 
huong con co the dugc che tao bang thep cacbon dung cu (Y8A, Y10A, Y10 v.v...). Bac dan 
hudng cung dugc chd tao bang cac loai vat lieu va che dd nhiet luyen gidng nhu ddi voi tru 
dSn huong. Doi khi bac din huong con dugc due lidn bang gang vdi de tren. 

Trong san xuat hang loat 16n va hang khoi thi dd khuon Ihucrng dugc due bang gang 
xam CM.24; CM. 18 v.v... hoac bang thep due 20J1, 30J1, 40JT, v.v... Doi vdi san xuat loat 
nho, de khu6n co the dugc che tao bang thep tarn can day dugc gia c6ng bang phuang phap 
cat got. 
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Cac chi ti£t khac cua khuon nhir: cudng khuon; ao chay (tarn giu chay); ao coi; ta'm 
go; cu phoi; dinh vi phoi; mang dk n ph6i v.v... dirqc ch£ tao bang thep kdt ctfu 40; 45; 50 
v.v... hoac b&ng thep cacbon dung cu: Y7A; Y8A v.v... 

8.4.3. 06 ben cac chi tiet lam viec cua khuon 

Trong cu d6ng hoa cac qua irinh san xuat dap t£m, viec sir dung cac to hop, robot va 
h£ thong cong ngh£ mim deo cang trd nen kho khan hon trong nhi£u trudng hap do do ben 
cua khubn chip doi vdi cac nguyen cong cat chia. Chinh vi vay nhieu ca quan nghien curu va 
cac c6ng ty hang dau da n6 lire tap trung vao viec nghien cun van de nang cao do bin cua 
khuon. 

Do b4n hay tuoi tho cua dung cu la so lirqng cac chi tifc't dirqc dap cho den khi cac 
phin tir lam viec cua no bi mai mon hoan toan. Khi do cac chi tie! dap ra khong con phu hap 
vdi ban ve va cac dieu ki£n ky thuat nghi£m thu. Con m6t khai niem khac vc do ben do la do 
bdn khe ho {hay la do ben chat luqng). Theo khai niem nay thi d6 bin la so lirqng cac chi 
tiet dap duqc gifra hai \&n mai lai dung cu. 

Do ben cua khuon phu thuoc vao loai nguyen cong {nhir cat hinh, d6t 16, uon, dap vuot 
v.v.,.); phu thude vao vat li£u; hmh dang va kich thude cua chi tie't dap; ket ca'u va chit 
luqng che tao khudn, chung loai va tinh trang thiet bi; thanh phan cac chat b6i tran; phirang 
phap boi tran va lam ngudi v.v... chinh vi vay van de nang cao tudi tho ciia khu6n can phai 
duqc giai quyet mot each ddng b6, tren ca sa cac bien phap td chirc ky thuat nham che tao 
khuon co ch&'t luqng tot nhdt, viec sir dung va bao quan khuon tot nh&'t, tinh trang thiet bi t6t 
nhit v.v... 

Do bin cua khu6n co the xac dinh mot each g3n dung theo c6ng thuc kinh nghiem, 
chSng han de xac djnh do bin cho den irude khi mai lai khuon dot 16 chung ta co thd sir 
dung c6ng thuc sau: 


N 


chiiici 


16.000 



(nghin chide) 


( 8 - 1 ) 


Cong thuc tren da duqc ap dung 66 xac dinh do bin cua khuon khi dap cac thep tarn 
CT3, CT4, X12H9T co chieu day S = 4 h- 10 mm vdi khe hd hai phfa giura chay va edi Z = 12 
18% va chay coi duqc lam bang thep hop kim X12M co d6 cirng sau khi t6i 56 + 62 HRC. 

D6 bin cua khudn co the tang l£n 5 -s- 6 Ian ndu sir dung cac bi£n phap hoa nhiet va 
vat ly khac nhau di tang do ben ciia dung cu, vi du nhu: 

- Thep cacbon dung cu Y8A va Y10A toi hai lin co ram trung gian. 

- Lam bien dang deo lap bi mat ciia dung cu do do lam hoa bin va tang d6 nh&n bong 
tren bi mat (phun bi, lan ep ...). 
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- Ch£ tao chay bac d6 dot 16 bang phuong phap ep chay ban nong, khi do khac vdi 
phuong phap gia cong cat got thong thudng la cac thd ciia phoi khdng bi cat dirt ma van con 
nguyen, dieu do cho phep nang cao duoc do ben cua chay. 

- Hop kim hoa bang phuang phap an mon lam cho tren lap bi mat tiep xuc cua dung 
cu tao thanh nhung hinh ndi 16i lom, tap hap cac phin loi co kha nang chdng mai mon tot. 
(viec hop kim hoa thudng duac lien hanh bdi hap kim cung nhom TK va BK v.v...) 

- Tang bin bang cac tia laze co thi cho phep nhan duac ldp be mat cua kim loai co 
cac tinh chat can thiit bang each dua vao cac nguyen to hap kim va dd nham bi mat can 
thiet ma chi tiet khong bi cong venh hoac bien dang. 

- Ion hoa bang plasma trong chan khong di phu mot lap chong mai mon len be mat 
cua dung cu (nitarua cacbit). Vice phu mot lop nitorua kim loai kho chay va chiu lira (vf du 
nhu: titan va molipden) nhb may phat plasma tao ra mot lop bi mat chiu mai mon lam cho 
do bin cua dung cu duac nang cao dang ke. 

Ngoai viec sir dung cac bien phap hoa nhiet va vat ly di tang bin dung cu, ngudi ta 
con nang cao do ben cua cac chi tiet lam viec cua khuon bang each cho vao chung nhung 
hap kim cung coban vonfram loai BK (BK15; BK20 v.v...). D6 ben cua khuon cat co cac chi 
tiet lam viec bang hap kim cirng se tang len gap 10 kin so vai khuon co chi tiet lam vice 
bang thep va dd ben ting cong co the den (20 -5- 60) trieu lan dap. 


8.4.4. Nguyen tac cd ban khi thiet lap ban ve lap khuon 


Ban ve lap khuon thudng duac ve a vi trf ket thuc qua trlnh lam viec (khi dau truqt a 
diem chet dudi) va thudng duac ve vai ly le 1:1. 

Vai cac khuon co kfch thude idn th't co the ve vai ty le thu nho (1:2; 1:2,5). Ban ve lap 
khuon thudng duac ve bai ca ba hinh chieu: 6 hinh chiiu dung biiu diin hinh cdt cua khuon 
sao cho mat cdt di qua nhung vi tri cin thiet de bieu dien ro net nhat ket ca'u cua khuon bao 
g6m ca nua khuon tren va dual; a hinh chieu bang chi biiu diin hinh chieu bang cua nua 
khuon dudi (khi nhac bo nua khuon tren ra); phia phai cua ban ve co thi bie’u dien hinh 
chieu canh va hinh chieu mat tren cua di khudn tren va can ghi ro “mat tren cua dc trin” 
hoac “ nua khudn dudi 1 ' a phfa trin cua hinh chieu tuang ting cua khuOn. Neu khuon cd kich 
thude ldn thi co the cho phep biiu diin m6i mot hinh chieu cua no tren mot td rieng. 


Trin ban ve ldp khuon can phai ghi cac kich thude bao va cac kfch thude ldp ghep; 
chiiu cao kin cua khuon (khoang each giua cac mat tua cua cac de khuon khi khuon 6 vi trf 
ket thuc qua trinh lam vifec); khoiing each giua cac true cua tru dan hudng (tren de dudi); 
cac kfch thude dinh vi, cac efr va hudng dua phoi; cac kfch thude xac dinh vi trf tuang quan 
giOa cac chi tiet lam viec va cac kfch thude dac trung cho cac moi ghep giua cac chi tiet (vf 
du: tru dan hudng vdi de dudi; chay vdi ao chay v.v...) 
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Tren ban ve lap khuon a goc phfa tr£n b£n phai can phai dua vao m6t hinh ve nguyen 
cong cua chi tict dugc dap vdi chfnh khuon nh' : vdi c\iy dii cac kfch thude. O phfa tr6n cua 
hinh ve nguyen c6ng chi tiet dap co liic gl ; va: : i£u phdi, hinh dang va kfch thude phoi, lire 
dap can thiet. Khi dap tir phoi dai hoac phoi bang cin phai dira ra so do xep hinh. Tren ban 
ve lap khuon con c^n phai chi ra ky ihuat an loan khi su dung khuon (ching han viec sir 
dung nhfp kep phoi; phuang phap dong rr.a may ep v.v...) 

Tren hinh 8.21 bieu di6n mot ban ve hip khuon hie dung phoi hop dd c&t hinh va d6i Id 
chi tiet vong dem theo nhung nguyen iae co ban nhir hen. 


8.5. TINH TOAN CAC CHI Til i 5i JON V'fi DO Bfi.N VA DO ON DINH 
8.5.1. Tinh toan chay 

Khi thiet k£ khuon, cac kich thirdv cua cac chi tifei dugc quyet dinh chu y£u tir nhung 
dir ki£n v4 mat ket cau, iris kfch third’ lam vide cua chay va coi dirge xac dinh tir sir tfnh toan 
cong nghd co tinh den dung sai cl id tao chay va coi. 

Vf du nhu su lira chon loat \ a kich thude cua de khuon, c3n phai xuat phat tu kha nang 
co thd sip xdp, bd irf tren de khuon cac cum chi tict va tru-bac din hudng, cac mang dan 
phoi, cac efr dinh vi va bo phan thao go sail phalm hoac phe lieu v.v... Khi chon so lugng tru 
dan hudng can tinh den dd chfnh xac kich thirbe yeu cSu cua chi tiet dap; hinh dang va kich 
ihubc cua vat lieu phdi (dai, t£m hoac bang v.v...) va sir thuan loi trong qua trinh thao tac. 
Sau khi xac dinh so bo kfch thude cua khuon, can cur vao lieu chualn chting ta co th£ chon 
loai de khuon tuong irng. Tir do ta co kich thude chfnh xac cuoi cung cua de khuon. 

Khi tfnh loan de khuon ve mat kdt cau, thong thudng chting ta khong can phai thuc 
hien mot phep tfnh toan nao de xac djnh kfch thude cua cac chi tiet khuon ma nhiem vu chu 
yeu la su dung toi da nhung sd !ieu dinh muc da co sJn cac tidu chufin hoac tai lieu sd tay ky 
thuat. Tuy nhien vice tfnh toan ki£m tra ve do ben, do on dinh va do cung la dieu can thiet, 
bdi vi chi co nhu vay mdi dam bao dugc kha nang lam viec cua khudn (dac bi£t la cac chi 
tiet lam vide chu ydu). Khuon can dam bao khong bi pha huy vdi do ben du trir cSn thiet. 
Khi tfnh toan kiem tra ngufri ta thudng tien hanh tfnh loan cac chi titft chay, cot co dudng 
kmh nho (kd ca vong ghep); dd khudn; thiet bi dem, day; tarn d£m; cac chi tiet kep v.v... 

Viec tfnh toan doi vdi chay hinh tru ng&n co dudng kmh nho thudng dugc lien hanh 
tir di£u ki£n cAn bang luc cat ddt vdi lire xay ra su pha huy chay da dugc nhiet luyen khi bi 
nen: 

,2 


suy ra: 


7i. d.S.a c =0,25. 7t. d [o^ n ] 
d = 4.S. o c /[a n , n ] 


( 8 - 2 ) 


(8-3) 
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2 ' 


Ihnh H21. KhuOn tac dung phoi hap d£ cdt-diM chi tiet vdng dem. 








trong do: 


a c - tr a lire cdt cua vat lieu ph6i; 

S - chieu day vat lieu; 

d - duremg kinh lam viec cua chay; 

t a nen] " han ben nen cua chay da nhiet luyen. 

Neu ta coi [cr n ,i n ] % 4a Q va a c * (0,7 + 0,8)a B thi dudng kinh cua chay can phai thoa man: 


d > (0,7 4- 0,8 )S (8-4) 

Hoac tinh den sir an toan thi d > S; lure la dudng kinh cua chay tai tiCt dien nguy hiem 
cin phai dam bao khdng nho hem chit?u day cua vat lieu dap. 

Ty s6 giira d va S nhu vay da dirac kiem nghiem khi dot 16 tarn kim loai can co 
a B < 500 MPa veri chay bang thep Y8A hoac Y10A dupe toi va ram co d6 cling 56 4- 59 HRC. 


Khi lam vice chay con bi uon doc, gidi han cho phep cua tai trong ductc xac dinh theo 
cong thurc: 

^diKphep = ^'^Ix't^ncn] 

trong do: 

(p - he so giam ung suat cho phep phu thuoc vao mire do uon cua chay, duoc xac djnh 
bdi ty s6: ^- (a day p* la he s 6 dp dai quy d6i dac trtmg cho phtrong phap kep 


mot dau thanh va bang 0,7); 
h - do dai phdn lam viec cua chay; 

imin _ ban kinh quan tinh nho nhat cua tiet dien ngang, duoc xac dinh theo c6ng thtre: 


^ min 


F, w 


(8-5) 


chav 


vdri: F L , hiv - dien tfch tiet dien ngang cua chay; 

F [x - dien tich tiep xiic mat dau lam viec cua chay vdi phoi; 

[ CT nenl" suft't nen cho phep vdri he s 6 an toan bang 1,5 4- 2, co the lay nhu sau: 


- doi vdi thep Y8A va Y10A: 

[ a nen] = 1600 MPa 

- ddi vdi thep X12M; 9XC: 

KenH 1900 MPa 


Khi tiet dien ngang cua chay la hinh tron thi: 

/ Ti.r 4 /4 _ r 

lm ' n _ V rrr^ ~2 


0,25.d 


( 8 - 6 ) 


Khi S/d > 1 thi F tx = F chiv con khi S/d < l dien tfch tiep xuc F lv quy ude bang dien tich 
cua vanh co chieu rong 0,5S tren toan bo dudng bao mat lam viec cua chay: 
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^lOng °nen + ^uOn c 


F tx = 7r.s(2d - S)/4 (8-7) 

Neil co sir dich chuye’n true cua ebay so vrii true cua edi do bidn dang dan h 6 i cua th&n 
may thi de Iren cua khuon se xuat hien mot momen uonr 

M ut 'in = Ou,vW (8-8) 

trong do: W - momen chong uon tai tiet dien ngang nguy hiem cua chay. 

Khi do ring suat uon duac tinh den khi xac dinh ring suat tinh toan t 6 ng cong: 

P t P,./ 

^lOng - °nen + c u6n = _ JT + ^ (8-9) 

trong do: / = z /2 - kha nang dich chuyen cho phep cua dung cu bang mot nria khe ho giria 
chay va coi. 

8.5.2. Tinh toan coi 

Vice tinh loan kiem tra cac chi tide vanh coi de c&t hlnh, d&p vuot va mrit so cac 
nguyen c 6 ng khac thuring duac tien hanh bang each sir dung cong thric Lame. 

Trong irirdng hap la mrit vong ong chiu ap luc d&u 6 b£n trong ma ap luc nay la mot 
thanh phan xac dinh do ap luc doc true duac tao ra bai luc dap. Neu co the? coi g&n dung 
Hmg: ty s 6 giria luc lam nrit vd coi va luc dap vao khoang 0,3 -r 0,4 thi ap luc nay l£n m 6 i 
dan vi dien tfch cua coi se la: 

,=11^ (S-10» 

Neu sir dung cOng thric Lame, chung ta co the xac dinh duac ring suat keo ttep tuyen a 
during bao trong va during bao ngoai cua edi, sau do so sanh no vrii ring suAt cho phep cua 
vat lieu edi khi chiu keo. Chung ta co the sir dung cac cong thric: 


( 8 - 10 ) 


a 0 (ngoai) - 9 2 — B ] 

1 K 

(8-11) 

1 + k~ r ] 

CT 0 (irong) - q J k 2 ~ L° B J 

(8-12) 


trong do: k = d/D - ty so giua during ki'nh trong va ngoai cua vong coi. 

Ndu nhu ket qua tinh toan cho ta 09 {lrong) > [a B ] thi can phai tang during kfnh ngoai 
cua coi hoac chidu cao cua edi cho den khi 09 (lrong) - I^bI- 

Khi tinh toan cac coi bang thep toi thi ring suat cho phep khi keo [a B ] voi he so an 
toan bang 1,5 -s- 2 co the la'y nhu sau: 

- ddi vrii thep Y 8 A va Y10A: [a B ] = 300 MPa. 

- ddi vrii thep X12M; 9XC: [o B ] = 500 MPa. 

Chi 6 u cao cua chi tiet coi khi cat hlnh va dot 16 duac xac djnh khong chi can cri vao 
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dd bln ma con can cur vao ydu cau sir dung. Chang han a cac nha may cong nghiep ky thuat 
didn co thi cho phep mai lai cd'i (khi cd'i bi mon) den 2/3 chieu cao ban d3u cua coi. Viec 
mai lai coi da lam tang tudi tho cua c6i. 

Cac kfch thucrc cua cd'i (chilu cao va chilu day thanh) dupe xac dinh theo cong thuc 
kinh nghidm hoac theo bang dupe thanh lap tren ccf so t6ng hop nhOng so lidu kinh nghiem 
cua cac xf nghiep tidn tien. Chang han chieu rdng cua coi dl cat hinh dupe xac dinh theo 
cong thuc: 

B - b + (3 4)H (8-13) 

trong do: 

b - chilu rdng ldn nhat cua 16 coi; 

H - chilu cao cua coi. 

Tuy theo chilu rdng ldn nhat cua 16 coi b va chieu day cua vat li|u dap S ma gia tri 
chilu cao H cua cot co thi thay ddi tir 0,1b den 0,6b. Ndu chieu rdng b va chilu day S cang 
ldn thi chieu cao H cang ldn. 

Khi cat hinh cac chi tidt co hinh dang phurc tap hoac kfch thude ldn (tren 300 -5- 400 
mm) ngudi ta thuong sir dung cd'i ghep nhilu doan, mdi doan dupe kep chat len de bang cac 
bulong va dupe co djnh bang cac chot djnh vi. Dudng phan chia giua cac doan cln phai chon 
sao cho cac phdn cong cua dudng bao dupe tach ridng ra khoi cac phln thing. Chieu dai ldn 
nhat cua phdn thang khong nen virpt qua 300 mm va chieu dai ldn nhat ciia phln cong khdng 
nen vupt qua 200 mm. Ket cau va kich thude cua cac doan cd'i can dupe lay theo tieu chuln. 

Cac edi ghep nhieu doan co tfnh edng nghe cao han so vdi cac edi lien bcii vi nhung 
doan coi dupe gia cong co khi va nhiet luy|n dan gian han nhilu so vdi khi gia c6ng edi 
nguyen. Khi mep coi hi cun hoac bi surt me a mot doan nao do thi chung ta chi vide thay thi 
mot doan ma khdng phai thay thi toan bo coi, dieu do cho phep tang tudi tho cua coi. 
Phuang phap kep edi vao de khudn va phuang phap tfnh toan luc chuyen vi cac doan edi 
dupe chi ra trong cac sd tay c6ng nghe. 

8.5.3. Tfnh toan de khuon 

De khudn la mdt chi tilt ca ban khdng thi thieu khi thill kl. Do bdn cua dung cu 
(chay, coi) phu thude nhieu vao dd ben va dd cling vung cua de khudn. Chat lupng chi tilt 
dap va do chfnh xac kich thude cua no, mure dd mai mon tru va bac dan hudng v.v... cung 
deu phu thuoc vao dd ben va do cirng vung cua dd khudn. 

Mac du su can thiet vl ket cau cua de khudn can phai du bln va cirng vung (vdi khd'i 
lupng kim loai sir dung la nho nha't) nhung phuang phap tfnh loan de khudn van chua dupe 
nghien ciru mot each day du, die biet la phuang phap tfnh toan dd khudn vd do cirng vung. 
Sd dt nhu vay la do cd rat nhieu yeu to anh hudng den kha nang lam vide cua dd. Chang han, 
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hinh dang va kich thirdc cua 16 thoat irong de khuon va trong do phu cua may ep; ly sp gifra 
cac kich thirdc 16 cua ban may va d€ khuOn; s 6 luong va kich thirdc cua cac 16 phu irong de 
khuOn (ngoai 16 thoat); vat lidu lam de khuOn; khi khdng c6 16 thoat trdn ban may; hinh 
dang va kich thirdc cua cac 16 thOng su6t qua dd' khudn; che do lam vice cua khudn (va dap 
lien tuc hay don nhdl); phirong phap kep khuon len ban may; sir dung phdn bo va so lirong 
cac buldng kep; mire do sidt chit ciia cac buldng v.v... 



Hinh 8.22. S a do tinh loan dd* khuon 


Hinh dang va kich thirdc ciia de khuon dirge chon ur kdi ciu chung. sail do phdi hop 
chung vdi tieu chuan va lira chon chimg theo lieu chufltn, kidm tra dd ben cua de lai lid't dien 
nguy hiem nhat. Do chfnh xac khi ifnh loan phu ihudc vao vice ap dung so do tinh toan phu 
hdp vdi didu kidn lam vide thirc te cua de khudn den mtre dp nao (hinh 8.22). 


Mot edeh gin diing nh£t chung ta c6 thd coi de khudn nhir mdt dim dai trdn hai gdi 
lira, tai irong quy irdc la lire t;)p trutig (ch;\ng han khi dpt 16 co dudng kinh lirong ddi nho ) 
Neu sir dung so do nay de tinh loan de khudn cd 16 thoat hinh iron, dat lien ban may to |6 
hinh chfr nhat Ihi chidu day cua de khudn cd thd xic djnh mdt each gin dung: 


h> 


3P/ 


2 (B-d)[a u ,J 


(8-14) 


trong do: 

P - lire bien dang; 

/ - khoang each giua cac goi tua; 
B - chieu tong ciia de; 
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d - dudng kfnh cua 16 thoat trong de; 

[a U[ - )fl ] - ung suit ud'n cho phep cua vat lieu de; ddi vdi thep due: 

Konl = 130 MPa, 

ddi vdi gang CM.28-48: 

[^uonl = 65 MPa. 


Con co nhtfng cong thuc phuc tap hon de tinh loan kidm tra de khudn cho nhftng so d6 
khac nhau cua tai trong va dieu kicn lam viec cua khuon. Mdt trong nhtfng cong there tinh 
toan 66 xac dinh chieu day cua de khuon dudi co tinh den bien dang dan h6i cua de va co ep 
vao no cac tru din hirdng, co dang nhir sau: 


h = 3 


96.H 

(L-aV 1 fL-cC 

2 ‘1 

z.B.E kc "' 

l 2 J '2 l 2 J 

‘6 


(8-15) 


trong do: 

II - la chidu cao cua cum khudn (khi khudn 6 vi tri kct thuc qua tr'mh lam viec); 
P Wrt - lire keo bulong de' kep chat de khudn vdi ban may; 

L, B - lan lugt la chieu dai va chieu rong cua de dudi; 

A - khoang each gitfa cac tru din hirdng; 

E - mddun dan h6i cua vat lieu 66 khudn. 


Luc keo bulong: 

P w „ = 3P.d 2 /8a(3d + 2a) (8-16) 

trong do: P - luc dip theo tfnh toan; 
a - (L - d)/2. 

Cac phuong phap tinh toan da xac dinh duac ring: chieu day cua de khudn bing gang 
xam can phai 1cm hon khoang 1,4 lan so vdi chieu day cua de khudn bing thep. 

Nhu vay khi tinh toan kieYn tra de khudn, chung ta chi kiem tra dd'i vdi 66 khudn dudi 
va coi no nhu mdi dam chiu udn dat tren hai goi tua. Con vdi de khudn tren, chung ta ki£m 
tra ap luc nen cua mat Ufa dan chay vao de khudn theo dieu kidn: 

(8-17) 

trong do: 

q - ap luc don vi do mat tua cua chay ep vao de tren; 

[a llin ] - tfng suit cho phep khi ep kin, bing 50 MPa doi vdi de bing gang va 100 MPa 
dd'i vdi de bing thep, 

Neil dieu kien tren khdng duac dam bao, khi lam vifcc chay se bi lun vao de khudn 
tren va lam dap be mat de, khi do khudn khdng the’ lam viec duac. Vi vay khi thiet ke' khudn 
cin phai cho vao de khudn tren mot tam dem bing thep toi co dien tich tid'p xuc vdi de Idn 
han dien tich mat tua cua diu chay va cung da duac ticu chuin hoa. 
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Ngudi ta da dua ra nhfrng nghi£n ctfu thirc nghiem dang chu y v£ bien dang dan h6i 
cua cac de khudn dirai bing thuy tinh huu ca, co Id a tam vdi nhung kich thudc khac nhau. 
Cac de khudn dupe dat tai sau do do do vong cua de 6 nhung ph&n khac nhau. Phan rich cac 
so lieu thuc nghiem chung ta thay r4ng: bifi'n dang dan h6i 6 cac phan goc, trong cac you 1 6 
anh hudng co sir anh hudng cua so lupng va so do bo tri buldng kep de khudn vao ban may. 
Ngudi ta cung thay rang vide kep de khuOn vao ban may a cac goc la thich hop nhat. Khi 
kep buldng a t£t ca cac goc thi bid'n dang dan hoi 6 de khu6n nho hern (5 + 6) lan so vdi kep 
de khudn chi d hai goc (theo ducfng cheo). 

8.5.4. Tinh toan cd cau dem, day 

Khi dap tren cac may ep true khuyu tac dong don, di co the lam vi£c dupe thi c;ic 
vong chan cua khuon, cac chi tiet d&y gd phe lieu va san pham cin phai co mdt thiet bi (co 
cau) dem, daly chuydn dung. Co cau nay la mot bo phan ldp rap tren may ep hoac tren 
khuon. 

Cac may ep true khuyu don dong hien nay thudng co cac bo phan dem, day bang khi 
nen. Bo phrtn nay tao ra mot doi ap khdng doi, co tri so bang khoang 10% so vdi l tic danh 
nghia cua may ep. Neu may ep khdng co co cau dem, day thi khi thiet k 6 khuon can phai 
thitft k£ bo phan dem, day nhu mdt bo phan lap rap cua khudn. Bo phan dem, day cua khuon 
lam viec nhd cac 16 xo nen (dang tru, dia) hoac bang cao su va poliuretan (chat deo P.U). Bo 
phan nay duoc lap true ti£p vao de khudn dudi hoac dat no vao trong ban may nhd gia do 
chuyen dung. 

Ket cau va kich thude cua co cau dem, day va gia dd doi vdi khudn dap tam da duoc 
tieu chuin hoa. Cac kd't cau cua dem duoc su dung co the’ co Id thoat cho phe lieu roi qua 
hoac khdng co 16 thoat. 

Bd phan lam viec cua dem la 16 xo duoc dinh vi sau khi nen so bo vdi dd nen V sa h6 ; dp 
nen nay dam bao ap lire can thiet cua 16 xo ngay tir khi bat dau nguy6n cong. Dd nen nay lay 
bang mdt nua dd nen toan phan F cua 16 xo (F x<Jb * - 0,5F). Khi dieu chinh lai may ep do phai 
mai lai khudn tuy theo mure dd mon, cung nhu kha nang di£u chinh khdng chinh xac chieu 
cao kin cua may cho nen do nen cua 16 xo can phai co mot lupng du tru an toan nhat dinh 
khoang 0,15F. Neu nhu vay dd nen khi lam viec cua 16 xo: F| im v ^ 0 chi con 0,35.F (xem hinh 
8.23 ). 

Neu chung ta biet hanh trinh lam viec cua khudn (chang han khi dap vuo't thi 
hanh trinh lam viec cua khudn bang chieu cao cua chi tiet dupe vuo't) chung ta co the xac 
dinh dupe dd nen toan phan cua 16 xo: 

F = Flam * 2,9.F| im vi ^. * 2,9.h chi |i£ t (8-18) 

Luc nen cue dai cua 16 xo, khi dd nen toan phSn la F duoc xac dinh bang phuong phap 
ngoai suy, xuat phai tir dieu kien thay d6i tuyen tinh lire nen cua 16 xo tir gia tri 0 d£n gia tri 
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cue dai (hinh 8.23). 


P = P 

A max 1 ji 


;f bo- 


•F/Fs.tb.. 55 2 P 


Ml bo 


( 8 - 19 ) 



Hinh 8.23 . D6 thi nen cua 16 xo. 


Chung la co the chon thong so cua 16 xo theo lire cue dai P milx va d6 nen cue dai cho 
phep F dira vao cac 16 xo lieu chu&n, Khi can thi£t chung ta co the tinh loan 16 xo nen hinh 
tru theo cac cong thurc sau (khi khong the chon duoc cac 16 xo tieu chiton ): 


'-a« 


mzD‘ 


M 


d.G 

L ~ (n + l t 5)d + n.f. 


( 8 - 20 ) 


L n en” (n+l,5).d 


trong do: 

P milx - tai trong cho phep cue dai; 
d - duong krnh day 16 xo; 

D - duong kfnh trung binh cua 16 xo; 

[x] - ung smVt xodn cho phep (50 -s- 60 MPa); 

F - do nen lem nhat cho phep cua 16 xo; 
f - do nen cua m6t vong 16 xo; 

L - do dai cua 16 xo trong trang thai tu: do; 

L„cn _ do dai cua 16 xo khi nen toan phan: 
n - s6 vong 16 xo; 

G - modun dan h6i khi xodn: 

Cl = (7,5* 8). 10 4 MPa 
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( 8 - 21 ) 


So vong cua 16 xo co the xac dinh theo cOng thuc: 


n = ™^+(l,5 + 2) 

0,35.f 


trong do: 

f - do nen circ dai cua mot vong 16 xo; 

hch.iiti “ cao c ua chi tiet dap vu6t. 

C6ng thurc (8-21) nhan dugc cCr dieu kien da neu tr£n la do nen lam vi£c cua 16 xo 
chiem khoang 35% do nen cho phep cue dai (do nen loan phin) va co them hai vong 6 hai 
diu cua 16 xo khOng anh hudng den gia tri cua do nen. 

Neu bO phan lam viec cua d6m bang cac vong cao su hoac poliuretal thi ap lire nen (do 
d£m no ra) bang lire chan Q, dirge xac dinh bang rich s 6 gifra dien rich cua vong voi ring suat 
nen a n( i n a muc do bien dang can thiet: 

P n4n =-^D 2 -d 2 ).c n4n (8-22) 


trong do: 

D - du6ng kfnh ngoai ciia vdng cao su; 
d - dudng kfnh 16 cua vong d£m. 


Tir c6ng thtfc (8-22) chung ta co the xac dinh dirge dirong kinh ngoai cua vong dem 
cao su: 


D = 



+ d 2 


(8-23) 


Neu chung ta coi rang khi d£m bi bien dang 30% thi tfng su£t nen (voi do cirng cua 
vong dOm tir 50 + 60 Sor) trung binh vao khoang 2,5 MPa. Khi do cong thurc (8-23 ) co the 
don gian hon: 

D«V2P„en +d 2 (8-24) 

Tuy di6u kien 6n dinh ciia timg vong cao su rieng biet ty s6 giua chieu cao va dudng 
kfnh ngoai cua no can phai thoa man: 

0,5 <^<1,5 (8-25) 

Chi£u cao loan phan cua dem bao g6m nhi£u vong dugc xac dinh tir di6u kien do nen 
16n nha't ciia no F < 30% va do nen so bg F sl , h{? < 5 + 10% 

H - h chi ri6V 100/ (F - F S(fb{l ) = h chi ljav 100/[30 - <5 + 10)] 

Khi chon kich thuoc cua dem cao su va poliuretal thi do nen circ dai thuong tir 25 -s- 35%. 
N£u dO nen qua 16n thi cao su se bi mon nhanh, dOng thai bi moi va ma't kha nang dan hoi. 


302 



Cac vong cao su d£ lam d&m daly thuong dugc chtf tao iCr cao su chiu xfing dAu co dd 
cumg 50 •** 70 Sor hoAc bang poliuretal mac CKY-7 co d6 cung 70 * 80 Sor. Cac klch thuoc 
cua cac vong poliuretal cung duoc lAy iheo tieu chuAn. Nhuoc diem cua cac dem day bang 16 
xo. cao su ho Ac poliuretal la ap luc hoac sir tAng ap luc khOng d6ng d£u theo mure do n£n cua 
b6 phAn lam vific. 

8.5.5. Xac dinh trung tam ap lire cua khuon 

D6 trdnh sir cong venh sat lech cua de khuOn do su lech (Am cua tai trong dAn d£n su 
pha huv d6 d6ng d6u khe ho gifra chAy va c6i theo duong bao cua chi ii6i dip, iAm cun mep 
lam vice cua dung cu; mai mon khOng d6ng d£u tru va bac dan huerng cua khu6n: mai mon 
khOng d£u dAn lufdng cua dAu trugt may ep thl trung lAm ap lire cua khudn (diem dAt cua 
t6ng hop luc cac luc thanh phan) phai trung vdi true dtfi ximg cua dan trugt mAy ep (tAm 16 
lap curing khuOn). 

D6i vdi cAc khuOn co curing khu6n thi trung tAm ap lire cua khudn phai trung v6i true 
cua curing khuon. Khi duong bao cua chi ii£t dAp hoan loan d6i xung thi trung tAm ap luc 
cua khudn trung voi trung tAm hinh hoc cua chi tiet. 



liinh 8.24. So d6 xac djnh trung tAm ap luc cua khuon. 

Khi duong bao cua chi tiet co hinli dang khdng drii xung hoAc khi cdt ddl nhiSu chay 
(chAng han de* dot d6ng then nhit ; u 16) thi trung tAm Ap luc cua khuon can phai dugc xAc dinh 
dua vao su cAn bang giira m6men cua tdng hgp luc vdi md men cua cac luc thanh phAn drii 
voi cung mdt true. 
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Gia sir can xac dinh trung tarn ap lire cua khuon de dot d 6 ng thai ba 16 nhu tren hinh 
8.24. Trircrc het chung ta cln phai gin vao c6i (hoac ao chay) mot h 6 true toa do Decac, tot 
nhat n£n dat cac true nay trung vcfi mat chuSin di tu do gia c 6 ng cac 16 cbi (hoac 16 ao chay). 
Sau do xac djnh toa do cua cac lire thanh ph£n voi he true toa do. Trung tam ap lire cua 
khuon (co toa d 6 x, y) chinh la diem dat cua t 6 ng hap lire P thoa man dieu ki£n: 

xP.x,P, txjPj. .*,P,+...+ x„P„ ,8-261 

yP.y,P, +y 2 P z +y,Pj+...ty„P„ 


Tir do ta co: 


Xl Pi + x 2 P 2 + ...x„P 11 


y = 


y,P! +y 2 P 2 +...y n P n 


{8-27) 


trong do: 

x, y - toa dd trung t&m ap lire cua khuon; 

P = Pj + P 2 + P 3 + P 4 + ... + P n - t 6 ng hop lire cua cac lire thanh phan; 

Xj, y 1 i x 2 » y 2 * x 3 » y?; y n - <*0 c * c diem dat lire cua cac lire thanh phin 

(trong tam cua cac hinh cin c4t d 6 t); 

Pj, P 2 , P 3 P n - cac lire thanh phdn. 

Ngoai ra trung t&m ap luc cua khuon con co ihi duac xac dinh bang phirong phap bie’u 
do. Phuang phap nay se ttm duac trung tSm ap lire cua khu 6 n ngay tren ban vc. 


8.5.6, Chieu cao kin cua may va khuon 


Khuon thuang duac thiet ke a vi tri ket thuc qua trinh lam vi£c bai vi a vi tri nay no 
{hi hifin ro nhtft moi quan he gitia cac chi tiet lam viec v 6 i cac chi tiet chan day cua khuon. 
Khi do se han chc duac nhung sai sot ve mat ket c£u do su khong d 6 ng bo giua nua khuon 
tren va nua khuon dual (chang han nhu d 6 dai cua tru va bac dan huang, do dai cua chay 
v.v...). Neu tru dAn huang qua dai se chui ra khoi bac a mat Iren cua de khuon tr£n va co ihi 
va vao mat dau truat, do vay khuon khong the lam viec duac. 

Chieu cao cua khuon (khoang each giua hai mat tua de khuon) khi khu 6 n ket thuc qua 
trinh lam viec duac goi la chieu cao kin cua khuon, H khuAn . 


Chieu cao kin lcrn nhat cua may la khoang each giua ban may va dau truat, khi diu 
trirat a diem chct dudi va chieu dai tay bien la ngdn nhat H miiX . Neu khoang di 6 u chinh chichi 
dai tay bi£n la M ihi khi chi 6 u dai tay bi 6 n ldn nhat ta co: 


H mi n - H max - M (8-28) 

Doi vai may co ihi diiu chinh duoc hanh trinh tuy theo yeu cau cua nguySn c 6 ng thi a 
m 6 i tri s 6 hanh trinh nhat dinh chung ta co duac trj so tuang ting IT max va H miir 0 tri so hanh 
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irinh \6n nhat. chung ta c6 chieu cao kin cua may la nho nhai va khi giam iri s6 hanh trinh 
thi chieu cao kin cua may tang len. 



Hinh 8.25 . Khdng gian lam vific cua METK hai tru ha 
vai cic kfch thirdrc dac trung. 

Chi£u cao kin cua may se quyft djnh chiCu cao km cua khudn. Do v&y khi thi£t k£ 
khuon cSn phai nam duac cac thong s 6 cua may va chi c6 th£ thi£t kfl? khuon cho mot may ep 
cu the hoac m6t nhom may c6 cdc thong s6 kv thuat tudng d6i gdn nhau. 

Khi chi£u cao km cua khu6n Ion han chi(fu cao km cua may thi khdng ihi lip khuon 
tren may, neu Up khuon trcn may. khi lam vifcc se xay ra v5 khuon hoac gay may. C6n neu 
chieu cao kin cua khuon nho hon chi£u cao kin cua may thi can su dung ttfm dem d 6 tang 
chi6u cao cua khudn va di£u chinh vit bien cho phu hop. 

Noi chung, ngoai chieu cao kin. giua may va khudn con c6 nhurng mO’i lien quan khde 
d£ dam bao time hiCn dirac nguyen cOng. Chinh vi vay chung ta hay xem xet mot so nguyen 
tac ca ban khi thiet ke khudn. 

Tr£n hinh 8.25 da chi ra nhurng thdng s 6 dac trung ca ban cua may ep true khuyu hai 
tru ha can thiet cho vise thiet ke khuOn. 
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trong do: 

h - hanh trinh cua dan truat; 

M - tri so dieu chinh dd dai tay bien; 

H max - chieu cao kin Idn nhat cua may; 

L - khoang each tir ban may ddn din hudng; 

R - d6 vuon, khoang each tir true diu truat den than may: 

A 1t Bj - kich thude cua ban may (kh6ng ghi tren hinh ve); 

A, B - kich thude cua ban may phu; 
a, b - kich thude 15 cua ban may; 

Hj - chieu day cua ban may phu; 

D - dudng kinh 16 cua ban may phu; 

KxS - kich thude mat diu truat; 

dx/ - kich thude 16 lip cuong khuon trong diu truat: 

N - khoang each tir thanh day din mat dau truat; 

H m in _ chieu cao kin nho nhit cua may 

^min h m ax - ^ 

H khu6n - chiSu cao km cua khuon; 
d k , / k - kich thude cua cudng khuon: 

d k = d + 0,5; 4 < / 

Khi thiet ke khu6n de dam bao cho khuon lam viec an loan va chic chan, thi chieu cao 
kin cua khuon cin ihoa man dieu kien: 


H m ax “ 5 > H l 


L khuon - H mill + 10 (8-29) 

Thong thudng khuon duac thidt ke gin vdi chieu cao km lan nhat, v] khi do chiiu dai 
tay bien nho se an toan, chic chan va co the giam duac chieu cao cua khuon khi mai lai. 


8.5.7. Chon may ep 

Khi tinh loan thiet ke QTCN cho mdt chi tiet dap bat ky, de dam bao tfnh kinh te 
chung ta cin lien hanh chon may ep cho mdi nguyen edng, sao cho co thd thuc hien duac 
nguyen c6ng do vdi chi phi thap nhit va nhanh nhat. 

Khi chon may ep cho mot nguyen edng bit ky chung ta phai tuin theo mOt sd nguyen 
tic sau: 

1. Loai may ep va tri sd hanh trinh cua may ep cin phai phu hap vdi nguyen cong 
c6ng nghe. 

2. Luc edng tac duac tao ra bdi may ep can phai bang hoac Idn han luc cong nghe mot 
chut di thuc hien nguyen edng. 
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3. C6ng su£t cua may can phai du de thuc hien nguyen cong. 

4. Chi6u cao kin cua may cdn phai phu hap vdri chieu cao kin cua khuon. 

5. Kich thudc cua ddu truqt va ban may cin dam bao lap duqc khuon va cac ca c£u 
cap phoi, triiyen phoi tuy tirng trudng hap cu th£, 16 ban may can du cho chi tiet (hoac phe 
li£u) rai tu do v.v... 

6. So hanh trinh dau truqt/phut cin phai du ldn di cho nang suat cao. 

7. Tuy theo nguyen cdng, c*in phai du tinh trudc kha nang sir dung cac co cau cap phoi 
tu ddng, cac thiet bi dem day va thao gd san pham, phe li£u v.v... 

8. Thuan tien va an roan cho ngudi cong nhan khi sir dung. 

Mot so di£m c&n chu y khi chon may: 

- Khi chon may cho nguySn c6ng dap vuot, can h£t stfc chu y didu ki6n hanh trinh cua 
may> n£'u chi tiet duac day nguqc ra khoi coi thl hanh trinh cua may cSn phai lan han hai \in 
chiSu cao chi titft. May cdn co cac ca cau chan d^y va toe dq phu hop. 

- N£u chi chon may theo luc thi chua du vi co th^ xay ra trudng hap qua tai ve edng 
suat. Vi vay cin phai ph&n biet tai trong ve luc va tai trong v4 c6ng suat. Co th £ xay ra ba 
trudng hap qua tai: 

+ May ep bi qua tai theo luc cho phep: khi may ep bi qua tai theo luc cho phep (luc 
ep danh nghTa) se xay ra cac hi6n tuqng bien dang hoac pha huy cac chi tiet cua may, ch^ng 
han bi cong true, gSy va banh rang, cat ren tay bien; cong gSy tay bien v.v... Doi vdi may ep 
true khuyu than ha (dang chu C)thi co the cong true hoac nin vd tam than may co 6 do true 
v.v... D6i vdi may ep mot true lech tam thi co the cong true hoac vd 6 dd v.v... Neu may ep 
duqc trang bi ca cau chdng qua tai thi se pha v5 ca cau chong qua tai, bao ve duac cac chi 
tiet may. 

+ May ep bi qua tai dong thdi ca v£ luc va cong suit: <ch&ng han khi dap chong hai 
phoi trong khuon uon hay khuCn tao hinh, khi cdt + vudt phoi hqp cac chi tiet sau...). Trong 
trudng hqp qua tai nhu vay thudng xay ra hien tuqng ket may 6 diem chet dudi va gay ca 
cau dong md ly hqp. Viec khac phuc hien tuqng nay kha phurc tap va ton kem, ma't thdi gian. 
Doi khi phai pha huy mot chi tiet hoac b6 khuon thi mdi kh&c phuc duqc. 

Mot s6 may ep duqc thiet k£ co he thong cuu ket thi viec khac phuc thuan !qi han. 

+ May ep bi qua tai v£ edng suat nhung khdng qua tai vS luc: trong trudng hqp nay 
thudng xay ra su ham va giam dot ng6t so vong quay cua banh da, gay ra hien tuqng truqt 
kh6ng cho phep cua ddng ca dien, lam nong cudn day va chay d6ng ca. 

Khi chon may theo luc c£n phai chu y la lire can thiet thuc hien nguyen cong cong 
nghe co the bao g6m nhi£u thanh phdn, do vay can phai xac dinh luc edng nghe chmh xac 
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theo cong thurc phu hap vdi timg nguyen cong va trircmg hap cu the. Luc danh nghTa cua may 
can thoa man: 

^danh nghTa ^amg ngh^ — P Q Jem, (.lay (8-29) 

Bai vi cac may ep thudng dirge ch£ tao voi cac tri s 6 cua luc danh nghTa trong m6t 
khoang nhat dinh (vf du: 6,3 ta'n; 10 tan; 16 t&'n; 25 tan; 40 tin; 63 tan; 80 tin v.v...) cho n£n 
khi chon may thuang khong ihi chon dugc may ep co lire danh nghTa triing vai luc cong 
ngh£. Vi vay thudng chon may ep co luc danh nghTa lan han, khi do se nang cao dugc do 
cung vung cua may, giam bien dang dan hoi thin may va do do nang cao dugc tu6i tho cua 
khuon. Ngoai ra con ngan ngira dugc su giy hong cac chi tiet may do qua tai khi dap nhung 
phoi day han so vai khi tinh toan hoac sai sot trong qtia trinh tinh loan. Dieu nay co y nghTa 
dac biet quan trong khi dap tinh chmh; dap n6i mat hoac dap kh6'i. 

Doi vai may ep true khuyu, luc cue dai (danh nghTa) thuang dat dugc a cuoi hanh 
trinh lam viec. Trong cac catalog cua may, tri s 6 luc danh nghTa thudng ung vdi cac goc 
quay a = 20 -s- 30 () . Vi vay doi veri cac nguyen cong co tri s6 hanh trinh lam vise Ian can chu 
y sir qua tai ve luc. Luc tao ra bai may ep true khuyu a giua hanh trinh lam viec chi vao 
khoang 40 -s- 50% so vai luc ep danh nghTa, do vay khi thuc bien cac nguyen cong cat hinh, 
d6t 16, dap ndi va uon la co iht dam bao an loan nhung khi dap vu6't sau thi edn phai xem 
xei, chu y. Khi do luc dap vuot cue dai iheo tinh toan edn thoa man P dv < 0,5 + 0,6 luc danh 
nghTa cua may. Neu dap vuot n6ng P dv < 0,7 0,8 luc danh nghTa cua may. 

Noi chung khi dap vuot, t6c do bien dang can phai phu hap vdi loai vat lieu va may ep 
thuy luc dung cho nguyen cong dap vuot se thudn lgi han do co toe d6 cham va hail nhu 
khong thay d6i ca v£ luc va tdc do trong sudt hanh trinh lam viec. Cac may ep thuy luc 
chuyen dung de dap vuot thircmg la cac may song dong hoac tarn dong. 

Nguai ta cung che tao cac may ep true khuyu chuyen dung d£ dap vuot do la cac may 
song dong true khuyu co hanh trinh cham. 
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Chuang 9 

MO PHONG SO QUA TRINH BIEN DANG 
VA THIET KE KHUON VCl SlTTRO GIUP CUA MAY TINH 


9.1. MO PHONG S6 QUA TRINH BIEN DANG 

9.1.1. Giei thidu chung 

M6 phong tinh loan qua trinh bien dang lan noi chung va doi vrii vat lieu tam noi 
rieng bang phuang phap phan tir huu han la mot phuang phap mdi va hien nay dang duqc 
ung dung het sure rong rai dac biet la a cac nude co nen cong nghiep phat tri£n. Bang phuang 
phap mo phong s 6 co th6 xac dinh dircrc su phan bo bien dang, ting suat, mrdng toe dd bien 
dang, trirdng nhiet do trong vat th6 bien dang ke ca cac hien tuqng phe pham. Co the mo 
phong truang ting suift du va sir xuat hien cua chung trong qua trinh tao hinh d<? tir do co thd 
thay d6i hinh dang hinh hoc cua phoi, dung cu bien dang, hoac thay d6i cac diSu kien cong 
ngh£ d£ co the tdi uu hoa qua trinh, giam thieu thoi gian cung nhu edng sue va tien bac cho 
viec che thir. 

Phuang phap mo phong so doi hoi ngudi thiet ke phai nfun vung cac van d4 ve ca hoc 
cua qua trinh bien dang Idn, thuoc tinh co hoc cua vat lieu, phuang phap phan tir huu han va 
ca vi cong nghe. Nha chuycn mdn khong nhting chi bifi't su dung cong cu mo phong so qua 
trinh ma con phai biet phan tfch danh gia ket qua tinh toan ket hap vdri nhung dur lieu rut ra 
tir thuc te san xuat. Khong nhung the cac qua trinh bien dang khi dap tam la qua trinh 3D va 
no khong gi mo ta bang cac mo hinh 2D tuang duang. Lutii phtin tu can thiet de thuc hien 
mo phong cung ldn, no lien quan tdi md hinh v$t li£u dan deo hoac deo ttic thcri ket hqp vdi 
bai toan tid'p xuc nen doi hoi thoi gian tinh toan lorn. Chfnh vi li do nay ma cac bai toan mo 
phong 3D qua trinh dap tao hinh mai cho tori gSn day mtii duqc nghien ctiu va ung dung rong 
rai. Thong qua viec hoan thien cac thu^t toan cua cac chuctng trinh tinh toan va cong suat 
cua may tinh ngay cang duqc nftng cao nen ngay nay da co thd md phong duqc qua trinh 
bien dang doi vdi cac chi tiet ldn hinh dang phire tap bang workstation vdri thcri gian tinh 
toan duqc rut ngan dang ki. Di6u nay dac biet co y nghia doi vdi cac doanh nghiep san xuat 
vi no gop phan nang cao nang luc canh tranh cung nhu rut ngin thoi gian ddi mdi mdu ma 
san ph£im. 

Hi6n nay tr£n th£ gidi co rat nhi£u chuang trinh phan mem mo phong qua trinh bi£n 
dang ldn bang phan tir huu han. Bang 9.1 gidri thi£u cac chuang trinh do. 
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Bang 9.L Danh muc cac ph&n mem m6 phong s 6 dupe 
sir dung rpng rai tren th£ giai hien nay 


Ten 

Hang san xuat, nu*dc 

Ap dung 

ABAQUS 

USA, HKS 

Bien dang khdi, tam 

MARC 

MARC, USA 

Bien dang khdi, tam 

EPDAN 

IFUSTGT, Ode 

— 

Bi£n dang khdi va tam 

INDEED 

INPRO, Dire 

Bte'n dang tam 

ROBUST 

Prof, Nakamachi, Japan 

Bi6n dang tam 

DEDRAN 

VW, Gedas 

Bi£n dang tam 

DEFORM 

BATELLE, My - Dire 

Bien dang khoi, r6n 

FORGE2/3 

CEMEF, France 

Ren 

DYNA 3D 

LSTC. USA 

Pha huy, kh6i, tam 

PAM-STAMP 

ESI, Ode - Phap 

Pha huy, khdi.tam 

ABAQUS - explicit 

HKS, My 

Pha huj, khoi, tam 

ANSYS /LS -DYNA 3D 

LSTC, My 

Pha hutf, khoi, tam 


9.1.2. Mo phong so va cong nghe ao 

Mo phong so la sir k£t hpp gitfa mo hinh qua trinh va cac phuang phap so giai md hinh 
qua trinh do. Dieu nay dupe minh hoa tren hinh 9.1. 



Hinh 9A. Ban chat ciia m6 phong s6 va cong nghe ao. 
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Gan mo phong s 6 vdi nhung diiu kien cong nghe cu the nham thuc hien toi uu hoa 
qua trinh cong nghe se nhan duqc “cdng nghe ao’\ Trong mo phong sd (hi mo hlnh hoa qua 
trinh la khau then chot, dong vai tro quan trong, con cac phuong phap s 6 ting dung de giai 
m6 hinh la cong cu thirc hien. Do chinh xac cua kdt qua mo phong sd duqc quyet dinh bcfi 
d6 chinh xac cua mo hinh hoa va dd chinh xac cua thuat toan mo phong. 

Khi thuc hien t4 c6ng nghe ao'\ toan bo cac kh£u cua qua trinh san xuat tu thidt ke, 

hieu chinh ddn che tao ddu duqc thuc hien tr£n may tmh. Xuat phat tir y tudng hay san pham 
mau, mo hinh cua san phaim se duqc dung tren may tmh, moi hieu chinh cong nghe se duqc 
thuc hien true tiep thong qua giao dien ngudi-may, tu do co nhfrng hieu chinh hop ly nhAm 
toi uu qua trinh cong nghe. 

9.1.3. Trinh tir giai bai toan mo phong so qua trinh bien dang 

D6 co the mo phong so m6t qua trinh bien dang bat ky. can phai tuan theo trinh tu tu 
lien xu ly den hau xir ly bai toan. 

* Qua trinh tien xu ly bao gom cac bude co ban sau: 

1. Xay dung m6 hinh (mo hinh hinh hoc va mo hinh vai lieu). 

2. Lap mo hinh phSn tu huu han (PTHH) bang cac thuat toan chia ludi. 

3. Chon kifcu phan tir. Kieu phan tu co the la: dang tam (shell), hoac dang khoi: 

(solid), dang thanh (beam)... 

4. Thie't lap cac dieu kien tiep xuc giua c6ng cu bien dang va vat the bien dang. 

5. Thiet hip cac dieu kien bien. 

6. Dal lai. 

• Qua trinh hau xir ly bai loan bao g6m cac bude lien quan den xir ly va phan tich ket 
qua tmh loan. 

9.1.4. Mot so vi dy 

9,1,4.1. Bai loan mo phong qua trinh dap tao hinh the tick 

• Mo td hdi toan 

• Mo phong s 6 bat toan tao hinh chi tiet trong khudn kin nhu tr6n hinh 9.2. Cho bide 
cac kich thude cua phoi: chidu cao = 6 don vi, dudng kinh 20 don vi; kich thude khdi khuon, 
dtrdng kinh trong = 22 don vi, chieu cao thanh long khuon 12 don vi, cac kich thude con lai 
cho tren hinh 9.2. 

• Vat lieu phoi: vat lieu tieu chuSn Von - Mises, mddun dan hdi = 5H6, he sd Poisson 

= 0,3. 

• V^t lieu khuon: vat lieu tieu chuan Von - Mises, mddun dan hdi = 5Eil, he sd 
Poisson = 0,34. 
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Hinh 9.2. M6 hinh hinh hoc ciia bai todn. 

• Car gui thiel: 

• DiOu kien lao hinh: a trang thai nguOi 

• T6c do bitfh dang: (10 4 + 10 “)s 1 . 

• ThuOc tinh vdt lieu: dan - deo arc ihcfi. 

• Qua trinh dang nhtet. 

• Bien dang dan h6i nho va ddng huong. 

• MO hinh ma sat: Coulomb. 

• Xdy dung mo hinh hinh hoc 

MO hinh duoc xdy dung true ti£p, bang each dung cac keypoint, tu keypoint dung 
thanh duOng va mat. Sir dung ph<§p loan logic, lir mat dung thanh tn6 hinh khoi bang phep 
quay quanh true 90°, do mo hinh la doi xurng n£n chi edn tinh loan v6i 1/4 mO hinh. ta nhAn 
duoc mo hinh 3D nlur a hinh 9.3. 



Hinh 9.3. Mo hinh 3D bin loan tao hinh the tich trong khuOn kin. 
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* Xac dinh kieu phdn titvci thupc tinh vat lieu 

a. Kieu phdn tit 

Kiiu phan tu su dung trong bai toan la: 

SOLID!85 va SOLID186. 

SOLID 185 la phan tu tur dien dung trong 
mo hinh cac bai toan cau true 3 chi£u, dugc xac 
dinh bai 8 nut vdi 3 bac tu do tai mdi nut: chuyfcn 
vi theo cac phuang x, y, z. Dugc sir dung trong cac 
truang hap bai toan deo, bai toan si£u dan h6i, 
tfng suat bien cung, dao, uon va bien dang ldn va 
cung co th£ dung trong trubng hap mo hinh vat 
lieu dan deo ldn (hinh 9.4). Hinh 9.4. Phan tu SOLID 185. 

SOLID 186 La phan tu hinh hop cong, dugc 

xac dinh bai 20 nut dung trong mo phong nhurng cau true 3 chieu, co urng dung tuang tu nhu 
phan tu SOLID 185. Ngoai ra con co th£ dung ap 
dung tinh loan trong bai toan d trang thai si£u dan 
hoi (hinh 9.5). 

b. Mo hinh vat lieu 

* Doi vai khu6n: m6 hinh vfit lieu dan hoi 
tuyen tinh dang hudng. 

* Doi vdfi phoi: sir dung m6 hinh vat lieu 
deo khong phu thu6c vao toe dd bien dang, hoa 
bin dang hudng tuyen tinh kep. Ngoai hai thong 
so ddu vao la mddun dan h6i va he so poisson, 
con co: 

Ong suat chay (Yield stress): a y = 200 dan vi. x 

Modun hoa bin (tangent modul) =0,1. Hinh 9.5. Phan ru SOLID 186. 

* Chia Uteri phdn tit hiiu hem 

Mo hinh 3D dugc chia luefi theo ki£u “ban d6” sir dung chuc nang ‘'sweep", quet tren 
mo hinh, hudng quet ngugc chi6u kirn dong h6. Kfch thude phan tir tren phoi = 0,8 dan vi, 
kich thude phdn tu trdn khudn = 1,2 dan vi (hinh 9.6). 

* Xac dinh cap tiep xuc 

Phan tfch mo hinh bai toan ta thay co hai cap tiep xuc. Cap tifp xuc thu nhat giua mat 
dudi ciia phoi vdi long coi, cap tiep xuc thu: hai giua mat xung quanh cua phoi vdi mat xung 
quanh cua coi (hinh 9.7). 
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Cap tiep xuc thu nhdt bao g6m ca hai clang tiep xuc: liep xuc c 6 dinh ban dau va tiep 
xuc liem nang. cap ti£p xuc thu hai chi dan thudn la dang tiep xuc tiem nang. 



Hinh 9.6. M6 hinh phdn tu hfiru han 



Cap ntfp xuc thu nha'l Cap Mp xuc ihuf hai 


Hinh 9.7. Cap tiep xiic trong bai toan tao hinh the tfch 

• Dot tdi va guii bdi loan 

• Bai toan bien dang Idn la bai loan nguoc do do tai dat vao m6 hinh la chuydn vi cua 
be mat tiep xuc vcri chay. 

• Dieu kien bieti chuydn vi: kh6ng chtf tat ca cac bac nr do dich chuydn va xoay trfn 
cac mat cua cd’i. 

• 0i6u kien bifcn d6i xung: khi tmh todn trong trirong hop bai toan doi xung true, chi 
edn su dung 1/4 mo hinh, do do edn phai dat v5o md hinh didu kifin bi£n dtfi xurng, tren cac 
mat phdn tu. 
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• Truck: khi litfn hanh giai phai xac djnh ktffu phftn tich (Analysis option) la: 

- Ki£u bib toan bien dang lan. 

- Luu kct qua sau khi ktfi thuc cac budc giai. 

* Car ket qua 

Thai gian tfnh toan: 12 gid. Glc k£t qua thu duqc nhu sau 



Hinh 9.8. Lirdi bi£n dang. Hinh 9,9. Truong chuy£n vi t6ng. 

9.1.4.2. Dai toan mo phong qua trinh (hip vuot chi tiet trdn xoay 

Trinh ur va cac budc thuc hicn tuang tu nhu qua trinh tr£n, cdc kS't qui nhan duoc nhir sau: 
Mo hinh lurn pJutn tu ht?u han 


~ANSYS 

JAB 6 2004 



Hinh 9.10 . M6 hinh luai PTHH. 
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Cac ket qua ttnh roan 



limit 9.11. Trirdng phan b<5 ting suat urong duong 


DiDuaazvT 

JTlNi 
on> -124 
TZU-60 
MK -V.2M 




JJJi 0 UW4 
13:14102 




[Unit 9.12. Bifn dang ltrdi phin iir. 


9.2. TinfeT Kf) KHUON Vtfl SVTRO GIUP CUA MAY TINH 


Tfnh loan ihi£'i ktf khu6n dap v6i si; iro giup cua m4y imh difa irfcn c a scr m6 phong s6 
qua irinh bi£n dang Ion \h m6l ky thu&i lien li£n. c6 nhieu di&m iru vi£t so vdi phuong phap 
thitft k£ truy£n ihtfng. Sir khac nhau gifra hat phuong ph4p ihiet k£ dugc thti hien iren hlnh 
9.13. 
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sAn phAm mAu 


i 


THl£T K£&CH£ 
TAO KHU6N 




CONG 

NGHE 

AO 



Hinh 9.13. Trinh ttr thitft k£ khuOn: 
a- iheo phuong phap truy£n th6ng: b- ung dung m6 phong so. 

Theo phuong phap truyfcn thdng, sau khi nhdn duac san pham mdu se tifn hanh tliift 
k£ va chfi tao khuOn. KhuOn sau khi ch£ tao se duac dap thu, n£u san pham dAp ihir thoa man 
cac yeu cSu ciia san pham mSu thi bo khu6n do se duac dua vao san xudt; ncu san pham 
kh6ng dat yeu cdu, thi khuon se duac chinh sua lai. Qua trinh nay se tieu t6'n nhiSu then gian 
va tifcn cua, d6ng thdi cung khOng the thay dOi duac mau ma me>t each nhanh chong. 

N£u sir dung m6 phong s6 qua trinh bien dang k£t hap vdi cac phdn m£m thi£t k£ nhu 
CATIA, SOLID WORK. AUTOCAD, PRO-ENGINEER thi chu trinh Unh todn thie't k* se 
duac ihuc hi6n nhu sau. 

DAu lien san phiim mSu se dugc s6 hod du6i dang mo hinh 3D thong qua cac thift bi 
do 3 chifcu. 

M6 hinh sd ban ddu co th£ la tdp hap rat nhieu diefm trong kh6ng gian hodc la mC hinh 
ludri (hinh 9.14a). M6 hinh dang di£m hoac dang ludi la ca so d£ xdy dung m6 hinh mat 
(hinh 9.14b). 



Hinh 9.14. MO hinh dang 3 chi£u chi ti£t vo xe 6 to: 
a, b- mO hinh lucri vd mO hinh mat chi lifct tai trirdc; c- mO hinh mat tSm n6c xe BMW X5. 
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Hinh 9 AS. Xky dung mO hinh mat bang phkn in£m CATIA. 


Sau khi nhAn dude mO hinh 3 chi£u se !i£'n hanh m 6 phong s 6 ' qua trinh bien dang 
bang cac phan mdm ihfch hop nhu PAMSTAMP. ABAQUS, LS-DYNA. DYNAFORM... 
Ckn cu vao kS't qua m 6 phong s 6 (hinh 9.16), se xdc djnh dirge quy trinh c 6 ng nghe 161 iru 
nhu s 6 lan tao hinh. ede di£u ki£n \6 b 6 i iron, lure chan... d 6 ng lhai cung se nh&n dirge kfch 
thudre b£ mat lao hinh cua dung cu bien dang (chav ctfi). Cac du lieu dang s 6 v£ kfch thtflfc 
vk bi 6 n dang cua dung cu lao hinh se dugc sir dung def xky dung m 6 hinh 3 chieu cua chay 
va ctfi (hinh 9.17). 



Hinh 9A6. Ket qua m 6 phong s 6 qua trinh bien dang. 
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flinh 9.17 . Chay c6i khuGn tao hinh lam noc xe 6t6 BMW X5: 
a- chay lao hinh; b- c6i tao hinh. 


Ngoai m6 hinh chay. cOi con phai thi£'t k£ cac bo phftn kh£c nhir tAm chAn. de ga 
chiiy... cac ca c&u dAy san phAm, din hucmg khu6n va vide dinh vj phfti, cu6i cimg se nhan 
dirac ket cAu khuCm hoan chinh (hinh 9.18). 


Hinh 9.18. M6 hinh 3 chieu cua khuOn dAp tr£n phdn m6m CATIA. 


Tir m6 hinh 3 chieu cua khu6n dAp. se xu&t ra c£c ban ve 2D cung nhu cac dtf lieu 
dang s6 urang ung de ti^n hunh che tao khuOn (bao g6m ca khAu due ph6i sau do gia c6ng 
ca). Bi£n dang chay va c6i tao hinh se duoc lap trinh gia cong ir£n may CNC tir m6 hinh s 6 
noi tr£n. 


Tam chAn 
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